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NOTE. 

Ten topographical atlas sheets, issued during the fiscal year ending June 30, 1878, 
accompany the copies of Appendix NN of the Annual Report of the Chief of Engi- 
neers for 1878, being Annual Report of Lieut. George M. Wheeler, Corps of Engineers, 
in charge of United States Qeographical Surveys, herewith, and are in continuation of 
the series, ninety-fiye in number, embracing the territory west of the 100th meridian, 
which are being prepared as the results of these surveys. Several of the above maps 
indicate by colors, upon the topographical sheets as bases, the classification into agri- 
cultural, non-agricultural, mineral, &c., of the lands represented. (See progress map 
herewith, and for list of maps see end of report. ) 
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[EXTRACT FROM THE ANNUAL REPORT OF THE SECRETARY OF WAR.} 

War Department, Kovemher 19, 1878. 



The systematic survey of the territory west of the one hundredth 
meridian, which has been for several years prosecuted under the direc- 
tion of the Chief of Engineers, by the officers of the Corps of Engineers 
and other officers of the Army^ has been carried on during the last fiscal 
year in California, Oregon, Isevada, Utah, Colorado, New Mexico, and 
Texas. The area surveyed and mapped since its commencement has 
aggregated more than 300,000 square miles. 

The topographical maps, which are the most important, and usefiil re- 
sults of this survey, are regularly published and become at once availa- 
ble for the uses of the War Department and the other branches of the 
government service, for the settlers of our public lands, and for incor- 
poration into school atlases and other maps for popular use published 
by private enterprise. Its organization is complete and in excellent 
condition for carrying on its work rapidly and economically, and it is 
hoped that the fiill amount of appropriation asked for by the Chief of 
Engineers for the next fiscal year will be granted by Congress. 
• • • • • • ' • 

A consideration of actual methods and expenses of all surveys of a 
Rcientific character under the War and Interior Departments, and the 
surveys of the Land Office, was referred at the last session of Congress 
(in the act providing for the sundry civil expenses of the government, 
approved June 20, 1878) to the National Academy of Sciences, with 
di^ctions to report to Congress a plan for surveying and mapping the 
Territories of the United States on such general system as will secure 
the best results at the least possible cost. Subsequently, and at the 
request of the acting president of the National Academy of Sciences. I 
fundshed to the academy a statement of the plans and wishes of tne 
War Department in respect to these surveys, which was prepared by 
my direction by the Chief of Engineers, and will be found in Uie report 
of that officer.* 



[extract from the annual report of the chief of enotnic 

to the secretary of war.] 

Office of the Chief op Engineers, 

Washington, D. C, October 19, 1878. 

• •••••• 

GEOGRAPHICAL SURVEYS OF THE TERRITORY OF THE UNITED 
STATES WEST OF THE ONE-HUNDREDTH MERIDIAN. 

Officer in charge, First Lieut. George M. Wheeler, Corps of Engineers^ 
having under his orders First Lieuts. Eric Berglancl, Samuel E. dnilman, 

* Appendix NNs! 
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and Thomas W. Symons, and Second Lients. Eugene Griffin and Willmxl 
Young, Corps of Engineers ; First Lieut. Eogers Bimie, jr., Ordnance 
Department; First Lieut Charles C. Morrison, Sixth Cavalry; Second 
Lieuts. Beiganiin H. Randolph and Henry H. Ludlow, Third Artillery ; 
and Second Lieut M. M. Macomb, Fourth Artillery. 

During the year the following gentlemen have been engaged in the 
investigation of special subjects : Dr. F. Kampf, astronomer, triangula- 
tion ohierver, and computer ; John A. Church, mining engineer ; A. B. 
C/onkling^ geological assistant; H. W. Henshaw, ornithologist 

Dr. F. Kampf died at his residence in Washington after a short illness, 
resulting from a concussive blow ui)on the forehead, accidentally re- 
ceived while on duty in the field. 

Dr. J. T. Bothrock, professor of botany at the University of Pennsyl- 
vania, has devoted considerable time to the final preparation of the man- 
uscript for volume YI, and now, with the assistance of the eolaborers 
in this branch, is engaged in reading proof. 

Prof. F. W. Putnam, curator of the Peabody Museum, Cambridge, 
Mass., has, at intervals taken from his other professional labors, advan^d 
nearly to completion his part of the manuscript of volume YII of the 
quarto reports, and has superintended the preparation and production 
of the illustrative cuts. 

Prof. John J. Stevenson, late of the Pennsylvania State geological 
survey, and member of the expedition of 1873, resumes his labors upon 
Western geology, and will pay especial attention during the coming sea- 
son to the outcrops of the Coal Measures at the east base of the Bocky 
Mountain ranges of Colorado and New Mexico. 

The funds appropriated for this survey by f^e act approved Mareh 3, 
1877, having been made immediately available, the members of the expe- 
dition of this year were enabled to take the ftdd early in May, dormg 
which month the entire working field force of the survey, consisting of 
three sections, known as the Colorado, Utah, and Califoniia, composed 
of ten parties, was effectively organized and engaged in the prosecution 
of its labors. 

The several parties were distributed in ihom portions oi Cahfomia, 
Oregon. Nevada, Utah, Idaho, Montana, Wyoming, Colorado, New Mex- 
ico, and Texas embraced by atlas sheets 23 B, 32 C, 32 D, 38 B, 38 D, 
41 A, 41B, 47B, 48D, 62D. 66 B, 61 A, 77 D, and 84B. (See Progress 
map accompanying Appendix N N.) The field season, as usual, was ex- 
tended as late as the early and extreme cold of the mountain regions 
visited would permit The parties, during the latter days of November 
and early part of December, disbanded at Carson, Nev., Ogden, Utah, 
Fort Garland, Colo., and Fort Union, N. Mex. 

The drainage basins occupied were portions of the northwestern arm 
of the " great interior basin,'' and those of the Pecos, Rio Grande, Ar- 
kansas, Gunnison and its tributaries, Bear and Snake rivers, and creeks 
entering the latter fix)m the south, together with areas bordering on 
several streams of various magnitudes debouching from the Sierra Ne- 
vada, upon the great inland valleys of Central California. 

During the month of March, a special topographical and hydrograph- 
ical survey of the Great Salt Lake basin was begun. This contemplates, 
in addition to the detailed topographical survey of the entire basin that 
has Great Salt Lake as its reservoir, an accurate meander of the shores 
of the lake and its islands, with the soundings needed to determine its 
present volume, observations upon the evaporation at the surface, with 
periodic rise and fall, the measurement at different seasons of the inflow 
and rainfall, and other meteorological observations at stations located 
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Upon the inoomuig streams. The Jordan, Weber, and Bear rivers, the 
prineipal sources of supply, were measured. Nearly two-thirds or the 
meander has been completed, and a number of soundings made. The 
contiiiuation, at a trifling expense, of this work, will be prosecuted, as 
circumstances x^rmit^ from the Ogaen office of the survey. 

While the expeditionary parties are engaged in the field, a small an- 
nual office fcNTce is employed in completing the necessary computations 
and the delineation of the final atlas sheets. A temporary field office 
was established at Ogden, Utah, during the past winter, and will*here- 
after be occupied by such of the assistants as may be available. Such 
fidd astronomical latitude stations only as have been found requisite for 
checking the measured lines of survey through mountain passes, canon 
defiles, and along routes -from which main and secondary triangulation 
points are not visible, have been determined. 

The project submitted for the season of 1S78 contemplated the estab- 
lishment of at least five longitude and latitude detemiifiations at main 
stations, selected at iK>sitions favorable for checking the extended belts 
of triangulation. During the season of 1877 five bases were measured, 
at the following iK>ints: (1) Ogden, Utah: (2) between Terrace, Utah, 
and Lucin, Utal^ on the Central Pacific Eailroad ; (3) near Austin, ^ev. ; 
(4) near Bozeman, Mont. ; (5) near Verdi, Nev.^on the Central Pacific Bail- 
road. In each case connection was made with the initial astronomical 
stations in the vicinity and with the vertices of triangles of the main 
belts adjacent. Daring the same season 145 sextant latitude stations 
were occupied, 56 triangles about bases measured, and observations made 
at 106 main and 264 secondary triangulation stations, 2,474 tlu*ee-point 
and oroas-sight stations, and 12,366 minor points occupied. 

Magnetic variations were determined at 424 points and 10,801 miles 
measured. The necessary observations were made at 10,438 cistern and 
aneroid barometer stations for diiferences of altitude. The locations of 
60 mineral and thermal springs have been defined, and 19 mining camps 
visited. A number of lots and specimens of minerals, fossils, mammals, 
birds, reptiles, fishes, insects^ shells, &c., have been collected. 

In the office, 106 astronomical x>ositions have been computed, 87 sta- 
tions adjusted by method of least squares, 1,149 triangles, 2,298 dis- 
tances, 295 longitudes and latitudes, and 352 azimuths computed, and 
1,356 cistern barometer and 7,798 aneroid altitudes have been computed. 
There have been 14 sheets and parts of sheets plotted on a scale of 1 
inch to 2 miles and 6 special sheets drawn to various scales. 

The number of final or completed atlas sheets drawn and submitted 
with the report for the year is ten; 1,542 reports and 12,768 maps have 
been distributed. The increasing call for reports and maps from vari- 
ous sections of the country, and notably from those interested in the 
settlement of these Western regions, is an indication that the results of 
the survey to a certain extent meet a popular want. 

After the passage of the appropriation for this survey on the 20th of 
June, the regular parties, nine in mmiber, of which two admit of oper- 
ating as double parties, consisting of forty-six observers, took the field 
early in July in three divisions, known as the Colorado, Utah, and Cali- 
fornia sections. 

Three main astronomical parties also proceeded to their respective 
posts for the purpose of establishing the longitude, latitude, and altitude 
of stations at Walla Walla, Washington Ter. ; Dalles, Oreg.; Fresno, 
CaL; Fort Bliss, Tex.; and Fort Bayard, N. Mex. These paities, twelve 
in all, are distributed in the following political dixisions: Two in Cali- 
fornia ; one in parts of Nevada, California, and Oregon ; three in parts of 
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Nevada and California; one in Utah; one in Oregon and California; two 
in Colorado and New Mexico ; two in New Mexico and Texa« ; and in 
areas embraced by atlas sheets Nos. 12, 20, 29, 38, 47, 66, 48, 73, 80, 41, 
70, 78, 84, and 90. (See Progress map of 1878.) The Washington office 
continues its labors as usual. The expedition of 1878, larger than any 
other in number of observers, takes the field well equipped, and the 
season, when prolonged as intended imtil December, will admit of still 
iVirther acciunulation of topographical data required for the thorough 
and vigorous prosecution toward completion of the survey needed for 
the detailed topographical map of the entire region. 

Prof. J. J. Stevenson, with one assistant, is to be engaged during the 
season along the mountain ranges between the Bio Grande and the 
plains and south of the Spanish Peaks, in Colorado. He will make 
sections of the coal croppings and worked beds. Having the detailed 
topographical maps of this section, already published, to facilitate his 
labors, it is exx)ected that the geological formations can be laid down 
with great rapidity and accuracy. The special examinations of the Corn- 
stock lode are being prosecuted, consisting of the completion of the 
contour map ; the following of the works in depth and along the Sutro 
' tunnel ; fiirther data for the longitudinal, vertical, and horizontal sec- 
tions ; observations upon temperatures, ventilation, and drainage of the 
mines, and of the geology of the surface, and collections from various 
tunnel and other levels. 

The officer in charge suggests that, were fiinds available, winter parties 
could successftilly conduct their operations in the southern portion of 
the field and near the Mexican border, while during the summer months 
parties can operate north of the Pacific railroads, thus keeping an exi>e- 
ditdon permanently in the field; and this course, being in the Erection of 
a rapid completion of the work, more especially commends itself in view 
of the Indian campaigns of the past few years, rendered necessary against 
the hostiles, in which the want of accurate and detailed topographical 
maps of the Western moimtain regions has been felt. And I have again 
the honor to suggest that the item for continuing this surv^ey may with 
propriety be placed upon the Army appropriation bill. (See letter of 
Lieutenant Wheeler, in appendix to Book of Estimates for 1879 and 
1880.) 

Volume II (Astronomy and Barometric Hypsometry) of the quarto re- 
ports authorized to be published by act of Congress has been issued from 
the press, and proof reading of volume VI (Botany) is now being rapidly 
advanced. The tables of declinations of 2,018 latitude stars are in print 
and available for the special astronomical work of the present season. 
As soon as Vol. VI goes to press the manuscripts of Vols. I and VII, 
the remainder of those now approved, wiU be placed in the hands of 
the Printer. With slight exceptions, the illustrations for the above 
volumes have been engraved and printed. 

Nine topographical sheets have been added to the atlaa, and 19 others 
approach completion in the various stages of progress. The geological 
information requisite for delineation upon the sheets to accompany 
Vol. Ill, and for others of the regular atlas, is being gathered. 

The special topographical sheet, on a scale of 1 inch to 1 mile, of the 
vicinity of Ijake l^hoe, embracing the Virginia and Truckee Railroad, 
and that part of the Central Pacific Railroad across the Sierras, with the 
Washoe mining region, of the size of 6 fall atlas sheets, is finally plotted 
and awaits publication. The plot, on a scale of 1 inch to 500 feet, of 
the contour siu^^ey of the vicinity of the Comstock lode, equivalent in 
size, when reduced to 1 inch to 1,500 feet, of four uniform atlas sheets, 
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needs but a small amount of data for its completion. These maps, based 
upon a comparatively large number of computed points, ai^e the most 
detailed yet produced by the survey. 

Land classification maps, based upon the regular topographical sheets, 
are being prepared and x)ublished as fast as possible, and hereafter the 
not^s for a more n^inute representation of the character of the surface of 
the region visited are required of the several parties in the instructions 
given by the officer in charge. Besides the value of these maps to the 
land branch of the government, they must prove of service to the 
emigrant settler and capitalist interested in the regions represented. 

The topographical maps, which are the main results of the survey, are 
regidarly published as fast as completed, and become at once available 
for the purposes of the War Department and other branches of the gov- 
ernment service, and subsequently to the public, through the usual dis- 
tribution, or, in various scales, thi'ough max) publishers in this and for- 
eign countries.- 

The area surveyecl and mapped during the years 1869, 1871, 1872, 1873, 
1874, 1875, 1876, and 1877, an reported by Lieutenant Wheeler, aggre- 
gates the amount of 332,515 square miles, distributed as follows : 

Square miles. 

Califomia 54,751 

NVvacU 62,181 

rtah 38,969 

Arizona 61,816 

Colorado 33,041 

Wyoming 231 

New Mexico 71,427 

OrejTon 1,242 

Idaho 8,877 

Initial points have been established (including the season of 1877) in 
Kansas, Nebraska, Texas, Montana, and Washington. Parts of the 
work will have been, at the close of the season, carried on in fourteen of 
the fifteen of the political dixisions lying west of the one hundredth meri- 
dian, and from the Columbia Biver on the north to the Mexican border. 

The labors of this survey are annually carried on in accordance with 
projects regularly submitted by the officer in charge to the Chief of 
Engineers, and by him to the Secretary of War, by whom they are 
approved oefore the parties commence the duties of each season. These 
projects are in the direction of a systematic, thorough, and economic 
prosecution of a detailed sur\'ey in connected areas (according to a plan 
biibmitted by Lieutenant Wlieeler and adopted in 1872), the necessary 
data being obtained by means of astronomical, geodetic, topographical, 
and barometric observations. This work may be considered as supple- 
mental to, binding together, and developing systematically over com- 
l)leted areas, by the use of more refined instniments and later methods, 
the Pacific Kailroad and military and geographical surveys west of the 
Mississippi River, suspended at the outbreak of the war of the rebellion. 

Incident to the principal objects of the survey, and as far as practica- 
ble without too greatly increasing the cost, all the information necessary 
at the present stage of settlement of the country concerning the branches 
of mineralogy and mining, geology, paleontology, zoology, botany, 
archaeology, ethnologj', and philology is collected by specialists, experts 
in their branches of science. Information conceniing this and other 
Engineer Department surveys in the West will be found in House Ex. 
Doc. 88, Forty-fifth Congress, second session. (See Appendix NX 2.) 

The continuation of this most valuable and useful work, in its present 
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stage of advancement, will, it is believed, commend itself to and receive 
favorable consideration ^m Congress. 

The amount estimated by Lieutenant Wheeler for the continuation of 
the survey, viz, $120,000. is earnestly recommended. 

His annual report, witn appendixes and estimates, is appended. 

(See Appendix N N.) 
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REPORT 



United States Engineer OFFfcE, . 
Geographical Surveys West op the 100th MERiDiAl<f, 

Waahingtony D. C, June 30/18^>.„ 

Sir: I have the honor to submit the following report for the fijjcl^il 
year ending June 30, 1878 : - , -• 

At the close of the present field season parties of the survey will h^ye 
l)een engaged in fourteen of the fifteen States and Territories, a part or, 
all of which lie west of the 100th meridian of longitude; the remaining 
political division (Dakota) aloAe having been un\'isited. The progress 
of the work since its commencement has been directed over connected 
areas, and in such manner that, at a minimum of time and expense, as 
large areas as practicable, pursuant to required methods, shall be topo- 
graphically surveyed in detail, to the end that the War Department 
shall have, at as early a date as x)ossible, a complete map of the entire 
region. 

SUMMARY OP PIELD AND OFFICE OPERATIONS. 

The commencement of the fiscal year found the parties of thi*ee sec- 
tions, the organization of which had been i)erfected in May previous, 
actively employed in prosecuting their labors in the areas assigned to 
the survey for that year in portions of Colorado, ISTew -Mexico, Texas, 
Utah, Idaho, Wyoming, Montana, Nevada, California, and Oregon, em- 
braced by atlas sheets 23, 32 A, 32 B, 38 B, 38 D, 41 A, 41 B, 47 B, 47 
D, 56 B, 61 A, 78 A, 77 B, and 77 D (see progress map herewith)/ The 
areas thus occupieu connect in every instance with those heretofore 
mapped by the expeditions of 1876 and prior years. The disbandment 
of the parties of the 1877 expedition took place between November 25 
and December 10, 1877, at Carson, Nev., Ogden, Utah, Fort Garland, 
Colo., and Fort Union, !N. Mex. 

The season's operations included an interval of from six to seven 
months, and, other than the casualties hereafter to be noted, was in all 
respects successful; the accumulation of data of the most im])orta,nt of 
the classes of observations being in excess of that gathered in any pre- 
vious season. In addition to tlie regular or map-work proper, the pro- 
gress of the special works, as of the surveys of the Lake Tahoe and 
Washoe mining regions, collections in natural history, &c., wiis satis- 
factory. 

The expedition of 1878 was at the close of the fiscal year in readiness 
to take the field in tliree main sections, with three separate astronomical 
parties, in pursuance of the preliminary project submitted June 7, 1878, 
and made complete the 27th of that month after the approval of the 
appropriation act. Nine separate and distinct parties, two of which 
operate along double lines, indei)endent of the three astronomical parties 
are proposed, and the scene of their labors is laid in areas situate in 
Colorado, New Mexico, Texas, Utah, Nevada, Califoraia, Oregon, and 
Washington Territory, and is shown upon atlas sheets Nos. 20, 29, 38, 41, 
47, 56, 64, 73, 78 A, <S0, 84, and 90. (See progress map for 1878.) Forty- 
six observers are prepared to take the field, being slightly in excess of 
the number engaged in former years. 
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The main astrddMiical stations to be occupied, time-signals being 
exchanged with 'Sb^ observatory or connecting-station at Ogden, Utah, 
are, (1) Walla -tP^Jla, Wash-, (2) Dalles, Oreg., (3) Fresno, CaL, (4) Fort 
Bliss, Tex., ^jtt f^ort Bayard, N. Mex., and, if time permits, Fort Dodge, 
Kans., nearim one hondredth meridian on the Atchison, Topeka and 
Santa F6 fi^uOlroad. 

At th^-]Washington office a namber of draughtsmen and compaters 
are meanwhile employed in steadUy reducing the results heretofore 
obtain^, and in the delineation of the final atlas sheets. Mr. McChesney 
has.})ee]i engaged at this office in the entering of the field records as 
r^^Vecl, in the preliminary preparation of money and property accounts, 
ii4iA.apon the general record. The distribution of maps and reports also 
h^ives attention at this office during the field season. Computations 
X ^Fe begun as early as practicable after the observations are received from 
;\./tte field, firom which they are forwarded bimonthly. 
**\ A temporary field-office in connection with the observatory at Ogden 
**. was established at the close of the last field season, and placed in charge 
of Lieut. Willard Young, who was there assisted by Francis Klett, and 
in addition to his office duties was engaged during a part of the later 
winter months in special survey work about Great Salt Lake. Hereaf- 
ter it is proposed that this office shall be occupied by such officers and 
assistants as may be available, thereby saving time and expense of trans- 
portation to and from Washington, D. C, and that a second be estab- 
lished at Denver, Colo., during the coming year. 

The following changes among the officers detailed for duty with the 
survey during the year have occurre<l : 

Lieut. Eric Bergland, Corps of Engineers, ha\ing been ordered to 
report to the Superintendent of the United States Militarj^ Academy, 
West Point, N. Y., on or before August 28, 187S, was granted a leave of 
absence until that period, of which he availed himself May 5, 1878. 

First Lieut. Rogers Bimie, jr., late of the Thirteenth Infantry, was 
transferred to the Ordnance Corps June 13, 1878. 

Lieut. Charles C. Morrison is under orders to report to the Superintend- 
ent of the Military Academy on or before August 28, thus preventing 
his taking the field. He remains in charge of the Washington office, 
upon special duties assigned him there, until the date of leaving to join 
his new station. 

Second Lieut. Willard Young, Corps of Engineers, reported for duty 
at Ogden, Utah, September 13, 1877. 

Second Lieut. Eugene Griftin, Cori>s of Engineers, in ol>e(lience to 
paragraph 3, Special Orders No. 86, lieadquarters of the Amiv, Adjutant- 
General's Office, April 22, 1878, reported for duty May 4, 1878. 

Second Lieut. B. H. Randoli)h, Third Artillery, reiwrted for duty June 
2o, 1878, and Second Lieut. H. H. Ludlow, Thiixl Artillery, reported 
May 6, 1878, in obedience to paragraph 5, Si)ecial Orders No. 95, head- 
cjuart<*rs of the Army, Adjutant-GeneraPs Office, May 3, 1878. 

In pursuance of pjiragraph 2, Special Orders No. H^j headquarters of 
tlie Army, Adjutant-General's Office, April 25, 1877, and continued by 
virtue of paragraph 1, Special Orders No. 29, hea<lquarters of the Army, 
Adjutant-General's Office, February 8, 1878, four enlisted men were 
detailed for duty and assigned to the parties of the Utah section during 
the field season, and ui)on the special survey about ( Jreat Salt Lake 
during the subsequent winter and spring, until again required in the 
expe<lition of 1878. 

Among the older assistants whose term of service has given a length- 
ened experience, thereby adding to their proficiency, 1 desire to mention 
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To}>ograp1iical Assistants Nell, Thompson, Maxon, and Spiller, and 
Messrs. Weyss, Herman, and Lang, draughtsmen. 

Dr. J. T. Rothrock. j)rofessor of botany at the University of Penn- 
sylvania, has devoted considerable time to the final preparation of the 
oianuscript of his report, and those of the sev^^eral other authors contrib- 
Qting to Yol. YI, and, with the assistance of the co-laborers in this 
branchy is now reading proof of the same. 

ProL P. W. Putnam, curatpr of the Peabody Museum, Cambridge, 
Mass., has, when practicable to spare the time from his other profes- 
sional labors, advanced nearly to completion his portion of the manu- 
script for Yol. YII of the quarto reports, and has superintended the 
preparation and production of the illustrative cuts. 

Prof. John J. Stevenson, late a member of the Geological Survey of 
Pennsylvania, and an assistant in the expedition of 1873, again resumes 
the field of Western geology, and will during the season be engaged, 
with Mr. J. G. Bussell as an assistant, in the ranges facing the plains oi 
Colorado and New Mexico south of the Spanish Peaks in Colorado. 

Frank Carpenter, a former assistant, and Messrs. James S. Polhemus 
and Charles P. Kahler have been appointed as assistants, and assigned 
to topographical work in the field. 

Three additional enlistments in the general service of the United 
States Army have been made, and the assistants thus obtained are 
assigned to barometric and minor tox)Ographical work, both in t^e field 
and office. 

Prof. T. H. Safford and John H. Clark have received temporary field 
appointments as astronomical observers and computers, and are assigned 
to main field and connecting stations. 

The Survey has sustained the loss of a valuable member in the person 
of Dr. F. Kampf, who died at his residence in Washington, D. C, April 
27, 1878, after a short illness, being a relapse subsequent to the severe 
mental and physical prostration occasioned by a blow on the forehead, 
received while on field duty. 

J. W. Ward, of the general service. United States Army^ was almost 
instantaneously killed by the accidental discharge of his pistol while in 
camp on tJie Snake Eiver^ Idaho. 

William A. Cowles, assistant, received a most untimely and unfortu- 
uate fall from the crest of a mountain peak of the Sierra Nevada, the 
loosened rock following him. reaching his legs with a crushing rorce 
that resulted in a compound mLcture of both. By skillful treatment and 
care he is about to secure the renewed use of his limbs, and hopes to 
be a candidate for further survey- work. 

A. R. Conkling concluded his geological field-work with the past season, 
and now submits his last report. 

Messrs. C. J. Kintner and F. M. Lee, computers, terminated their 
services with the expedition during the past year. 

I cheerfully take this opportunity to attest my appreciation of the 
nnceasing energy and vigor which the officers and other assistants have 
shown in the prosecution of their arduous labors, whereby so much new 
geograi)hical material has been added to the great map of the interior. 

The aid extended by the supply branches of the War Department has 
brought the officers of the survey in contact with many of their brother 
officers in such service, and it is pleasant to be able to recognize the 
cheerful spirit with which this assistance is extended, thereby facilitating 
the operations of the sur\^ey, now so widely distributed in the area of its 
undertakings. I desire especially to mention the readiness with which 
the present Superintendent of the United Coast Survey, Capt. Carlile 
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P. Patterson, has responded to requests made upon his office for longi- 
tudes and latitudes, or other data, where the same has been of value to 
parties of this survey working in the mountains adjacent to the Pacific 
coast/ 

Certain of the prominent features of the results firom the observations 
in the field and reductions in the office are herewith noted : 

FIELD SEASON OF 1877. 

Seztant-latitade stations • 145 

Bases measured 5 

Triangles about bases measured 50 

Azimuths about bases measured V,i 

Main triangiilation stations occupied 106 

8econdaiT,triangulation stations occupied 264 

CrosS'Signt stations observed 1, 060 

Three-point stations occupied 1, 414 

Stations on meanders 12. 366 

Miles measured 10^801 

Cistern-barometer stations occupied 1,447 

Aneroid stations occupied 8,900 

Magnetic variations ol>served 424 

Kivors and creeks gauged i>S 

Camps made , 761 

Monuments built 367 

Mining camps visited 19 

Mineral and thennal springs not^ 60 

Minerals, fossils, and ores, specimens coUected (approximately) 1, 1(K> 

Mammals, specimens collected 14 

Birds, specimens coUected 22H 

Beptiles, lots collected 11 

Fishes collected H!?*V'i»:' o!^! 

( specimens 2(N) 

Insects, lots collected 14 

Shells, lots collected 8 

OFFICR-WIXTER OF 1877-78. 

Astronomical positions computed 106 

A.yn8ted bymethod of least square, j ^,^*4»^»«».'^. I"::;""":::: « 

Instances computed 2,298 

Azimuths computed :i52 

Longitudes and latitudes computed • 295 

Cistern-barometer altitudes computed 1, liT^y 

Aneroid-barometer altitudes computed 7, 79H 

Sheets and parts of sheets plotted (1 inch to 2 miles) 14 

Special sheets drawn (various scales) 8 

Atlas maps (1 inch to 4 miles) published 8 

Atlas maps ^1 inch to 4 miles) approaching completion for publication 4 

Atlas maps (1 inch to 4 and 1 inch to 8 mues) partially completed 15 

Report's distributed 1,542 

Maps distributed 12,7(V< 

Reports in course of publication : Volumes I, YI, V II ; and tables of geographical 
positions, longitudes, latitudes, distances, &o. 

Lieutenant Bergland, in command of party 1, Colorado section, was also 
employed as sextant and triangulation observer in the field and ui)oii 
office reductions duiing the winter and in preparation of his re2>ort^ 
herewith submitted as Appendix A. 

Lieutenant Tillman was engaged in the field upon sextant and trian- 
gulation work until his party was divided. Lieutenant Young assuming 
command of the topographical branch ana Lieutenant Tillman proceed- 
ing to the north to measure and develop a base at the astronomical 
station at Bozeman, near Fort EUia, Mont. Lieuteuiint Tillman, duriiig^ 
the 'winter season, had charge of the computing branch of the survey. 
The reports of the above officers are herewith, and marked Appendixes 
B and D respectively. 
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Parties 1 and 2 of the California section were in command, respectively, 
of Lieutenants Symons and Macomb, both engaged in the field upon 
sextant and triangulation observations and in the office upon their 
reductions and that of the topographical notes. Their reports, marked 
Appendixes and G respectively, are herewith submitted. 

Lieutenant Bimie, in command of party 2, Utah section, was, during 
the office season, engaged in the reduction of sextant, triangulation^ and 
topographical obser\^ations made by him, and in the rendition of his ac- 
counts as acting assistant quarterma^ster and acting assistant commis- 
sary of subsistence and ordnance officer. His report of field operations 
IB appended, and marked E. 

Lieutenants Morrison and Macomb were also employed a portion of 
the winter interval in the completion of their accounts as acting assist- 
ant quartermaster, acting assistant commissary of subsistence, and ord- 
nance officer. Hereafter these duties for the entire expedition wiU be 
performed by one officer. The New Mexico party of the Colorado sec- 
tion, under Lieutenant Morrison, completed its labors a little later than 
others of the expedition, and this officer has since been engaged upon 
topographical and other reductions in the office and upon a compilation 
of a table of positions, distances, altitudes, &c. His executive and de- 
scriptive report is herewith as Apjiendix F. 

Each chief of party has been called upon to furnish a list of distances 
over the most important roads of the regions visited, and the same 
ap|>ear in the main body of the report. 

ASTRONOMICAL. 

Tlie astronomical campaign to be carried out during the season of 
1878 contemplates check ])oiuts for l>elts of triangles from Ogden, on the 
Central Pacific Railroad, to the vicinity of Walla Walla, Wash.; from 
the base in Carson Valley, near Virginia City, to Dalles, Oreg. ; that at 
Fi-esno, Cal., as a che<5k intennediate between astronomical points at 
Virguiia City, Nev., and Los Angeles, Cal^ the one at Fort Bliss, Tex., 
to check the belt extending from Santa F6 to the southward ; and at 
Fort Bayard as one of the checks upon the belt of tnangles extending 
from the Rio Grande, at its junction with the ^lexican border, to Fort 
Yuma, on the Rio Colorado of the West. The signals are to be sent 
over the Western Union, Atlantic and Pacific, and government lines ; the 
hitter, from Santa F6 to the southwanl, having been placed at the dis- 
lK)sal of the Survey for this puri>ose through the courtesy of General A. 
.J. Myer, Chief Sigiial-Officer, U. S. A. The Ogden observatory, the 
longitude of which has been determined with gi*eat care and accuracy^ 
is used as the conne(*ting station. Longitudes, latitudes, and altitudes 
of a number of main astronomical stations will be found in vol. II of 
the quarto reports. The special lists of geograi)hical positions, distances, 
altitudes, &c., the manuscript of which is now being prepared, will 
fiUTiish the same for many points of local or topographical imjiortance 
scattered through the extended region of the Survey, Improvements 
are to be made to the Ogden observatory during the present season, in- 
creasing its capacity for observing, office, and storage puri>oses, and in 
connection with it one of the field-offices of the Survey will be estab- 
lishe<l. Title will be acquired to the gi'ound upon which to erect a small 
obKer\^atory and tenqmrary office-buildings near the most prominent 
elevation to the east of the center of Denver, Colo. 

The latitudes of a number of points observed and comjmted by offi- 
cers of the Survey during the season of 1877 are given in the following 
table, viz: 
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GEODETIC AND TOPOGRAPHICAL, 

Five measured and developed bases were established at the following 
localities : (1) Ogden, Utah, coanecting with the observatory at that 
])oint ; (2) between Terrace and Lncin, on the Central Pacific Bailroad : 
(3) at Austin, Nev., to connect with the astronomical station established 
ill 1871 ; ^4) at Bozeman, Mont., connecting with the astronomical station 
occupied m 1873 ; and (6) Verdi, Nev., connecting with the station of the 
United States Coast Survey here established in close proximity to the 
120th meridian* 

06DEN BASE. 

The line is located along one of the main streets of Ogden, Utah. It 
was marked prior to the measurements by iron bolts at intervals of 200 
feet, the extremities being permanently marked by 5-foot iron rods, en- 
cash in cement-laid brick piers. Duplicate measurements with a 50-foot 
compensated steel tape, held at a constant tension, were made in addi- 
tion to two measurements with a 20-foot wooden rod, carrying a scale on 
either end divided to hundredths of an inch. The points at which these 
scales were read for each measurement are marked by lines finely en- 
graved on a silvered surface attached to each of the cast-iron blocks 
upon which the ends of the rod rest. The inclination of the rod was 
observed at each measurement by means of a clinometer attached near 
the center. At every fifth measure temperature readings were made 
upon two thermometers attached to the ends of the rod. The rod and 
tapes were compared with 5-foot standard rods, at the morning and 
evening of each measuring-day. The two observers handling the rod 
were required to read both scales at each measurement. The mean of 
the four determinations (two sets of readings to each measure) is 23209.007 
feet =4.395 miles. The Une was measured by assistants Dr. F. Kampf, 
Miles Bock, and Charles J. Kintner. The rod used in the above meas- 
urement is described on page 1219 of the Annual Report for 1877. 

TERRACE BASE. 

This line was measured between Terrace, Utah, and Lucin, both sta- 
tions on the Central Pacific Bailroad, between which the track follows 
sensibly a straight line. Its total length is 121318.0478 feet, or 22.9768 
miles. The measurement was made with a 50-foot compensated steel 
tai)e held at a uniform tension, adjusted to a temperature of 80^ Fahren- 
heit, and compared morning and evening with standard metallic rods, 
the temperature being observed at every fifth distance of 50 feet. For 
a distance of 3,500 feet from Terrace the measurements were made on 
posts firmly driven, marking the ends of the tape with common pins. 
The remainder was measur^ upon the north rail of the track, a cold 
chisel being used to mark the rail near the extremities of each 50-foot 
distance. Each mark was mad/B a little in advance of the notch in the 
tai)e, the excess then being measured by a steel rule graduated to yj^ 
of an inch. The first measurement from Terrace was made by Assistant 
Charles J. Kintner, and the return by Assistant Francis Klett. The 
line was first reduced to the horizontal by using the levels as furnished 
by Lew Tashiera, di\ision engineer of the Central Pacific liailroad. The 
line has since been leveled, between the extremities of eiich 50 measured 
feet, by Lieutenant Young, Corps of Engineers. 

AUSTIN BASE. 

This line was measured in Reese River Valley, near Austin, Nev., its 
measured lengths being as follows: first measurement, 21389.66 feet; 
second measurement, 21391.09 feet; mean length, 21390.375 feet = 4.012 
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miles. A 50foot oompensated steel tape was used, the ends of each line 
being marked by pins on wooden benches. The temperature was recorded 
at the end of each 500 feet. A double line of levels was run between the 
extremities. The measurements were here made by Assist-auts Charles 
J. Eintner and Francis Elett. 

BOZEMAN BASE. 

This line was located in GftUatin Valley, about 2 miles west firom the 
astronomical monument at Bozeman, Mont. Its length, being the mean 
of two measurements, is as follows : First measurement, 24126.792 feet ; 
second, 24127.217 feet; difference, .425; mean length, 24127.004 feet 
= 4.569 miles. The line was measured by a 50-foot compensated steel 
tape, at first employing wooden pins driven 50 feet apart, and again on 
wooden benches 18 inches high. The line was levele<l using the above 
stations. Temperatures were noted for every change of 10 degrees. T!ie 
tape was twice compared with standard steel rods. Tlie line was meas- 
ured by Lieut. Samuel £. Tillman, Corps of Engineers. 

VERDI BASE. 

This line was measured with a 50-foot compensated steel tape, used at 
a constant tension, near Verdi, I^ev., on the Central Pacific Kailroad. 
The measurement by Lieutenant Symons gave 8522.52 feet; by Assist- 
ant Spiller, 8522.385 feet; mean, 8522.45 feet = 1.614 miles. The sepa- 
rate measurements were marked by common pins on wooden pins firmly 
driven, and levels taken between each of these distances. Temperatures 
were recorded at each tidvance of 400 feet. The tai)e was compared 
morning and evening with standard steel roils. 

Observations have been made to establish the number of outlying tri- 
angles necessary to the development of each of the five bases, and their 
connections with the initial astmnomical points of the vicinity, and with 
the vextices of the main triangles adjacent. Azimuths of the bases and 
of selected sides of ti'iangles have been observed. The necessary num- 
ber of main triangulation stations in areas surveyed by the Colora<lo,. 
Utah, and California sections, for the establishment of well-conditioned 
belt^s of triangles, quadrilaterally disposed, have been occupied. Sec- 
ondary triangulation stations, using natural objects, principally minor 
mountain peaks, mark the vertices of a series of triangles embracing 
special ranges and mountainous areas. From main triangulation sta- 
tions cross-sight pointings on as many outlying prominentnatiu^l object.s, 
usually in advance of the area under survey, are made, thus establishing 
approximately a number of points lying in contiguous areas, for refer- 
ence in subsequent years. The number of these points and meander 
stations has been determined by the character of the profiles of the roads, 
trails, streams, &c., necessary to be traversed in order to obtain the de- 
tailed topographical data required. Tlie measured miles within a given 
area note to some extent the character of its drainage and of the routes 
through it, and the most practical lines that can be delineated upon a 
general map are the natural lines of drainage and the routes of commn- 
nicatioiL, present and prospective, all of which are required to be meas- 
ured. The magnetic variations at each camp have been taken, as also 
on prominent peaks, at settlements of note, &c. When pra<!ticable, 
known stakes, marking the surveys of the public lands, have been con- 
nected by triangulation with established points of the survey, and their 
geographical positions, in numbers of cases, can thus be checked. 

The distances, azimuths, triangles, longitudes, and latitudes computo<l, 
as shown in the r^sum6 of office work, are at once made available in map 
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constmction, and where considered of sufficient importance are added 
to the special lists being prepared for publication. 

The areas surveyed topographically in 1877 embrace portions of the 
following drainage-basins : the northwestern arm of 'Hhe great interior 
basin,^ with the basins of the Pecos, Eio Grande, Arkansas, Gunnison 
and its tributaries. Bear and Snake Elvers, and creeks entering the latter 
to the southward, together with areas bordering on a number of streams 
leading out from the Sierra Nevada to the interior plain-like valleys 
of Central California. The instructions for the year 1877, as well as of 
the season of 1878, indicate that the weight of the observations shall 
be directed to the data of the highest grade, the measure of success to 
be determined by the largest number of observations of the highest 
order of accuracy, rather tiian governed by the area covered within a 
specified interval. The flow of streams of importance within the region 
of survey, to the number of eleven, together with forty creeks and ditches 
by estimation for the past sea<8on, has been gauged, and from time to 
time results of this work wiU be published. The instructions for taking 
notes for determiuing approximately the classification of the lauds con- 
template a division into ^e tbllowing classes, viz : 

1. Agricultural | ^ifS'SJi^f^^-- 

2. Timber : < „* gm^i < ^i^h prevailing species. 

3. Qrazing: < q' ^^ [ with species and quality of grasses. 

4. Arid or barren, including rock exposures. 
h. Location of the precious and economic minerals, such as — 

1. Gold, in place or placer. 

2. Silver. 

3. C'opper. 

4. Lead. 

5. Iron. 

6. Coal. 



7. Tin. 

8. Antimony. 

9. Suli)hur. 

10. Alum, sulpliur, and borates. 

11. Peats, marls, and clays. 



Parties one and two of the Utah section traced the Bonneville Beach, 
or outlines of an ancient lake, at one of its stages, noticed by members 
of the expedition of 1872, mentioned by Mr. Gilbert in his report (see 
Vol. Ill, Geology, page 91), a plat of which accompanies the sheets of the 
Geological Atlas, from Ogden, Utah, to the northward through Cache Val- 
ley, thence west through Malade VaUey. The information thns obtained 
suffices to complete the outline of the ancient sheet of fresh water for 
which Mr. G. K. Gilbert suggested the name of " Lake Bonneville." The 
barometer profile through Red Rock Pass indicates an elevation of 4,893 
feet above sea-leveL The elevation of Bonne\'ille Beach, near Salt Lake 
City, obtained by connecting with railroad levels at Corinne, Utah, is 
0,178 feet. This value for its level is as accurate as can be obtained 
until levels of precision by trigonometrical methods extending across 
the continent shall have been run. The levels of other points of this 
beach have also been checked, and this subject will be pursued further in 
connection with the topographical and hydrographical survey of Great 
Salt Lake Basin, now in progress. 

At the close of the season of 1878 the topographical work of the sur- 
vey will have extended from the Columbia River, between Dalles and 
Wallula on the north, to the Mexican border near El Paso at the south, 
and from the 103d meridian near Fort Lyon, Colo., on the east, to the 
Pacific coast between Los Angeles and Santa Barbara. Where the set- 
tlement of the country justifies, detail for a map of a scale of one inch 
to four miles is gathered, while in localities of special industrial interest, 
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as mining-regions of more than ordinary prominence, still more details 
of the topographical contour are observed, and maps of a scale to cor- 
respond are made. All of the special sheets thus resulting are finally 
to be reduced to the scale of one inch to eight miles, and then appear 
as integers, each connecting with those surrounding, to make up the 
great map, in ninety-five sheets, of the entire region. 

SURVEYS OF GREAT SALT LAKE BASIN. 

The sx>ecial topographical and hydrograpliical survey of the Great 
Salt Lake Basin, that has for its object, in addition to the detailed topo- 
graphical survey of the region, an accurate meander of the shores of 
the lake and its islands, wi£ soundings necessary for the determination 
of its present volume ; observations upon the evaporation of its surface 
with periodic rise and fall ; the measurement at different seasons of the 
inflow and rainfaU, with other meteorological observations at selected 
stations upon its affluents, was commenc^ by Lieutenant Young during 
the winter months with a small force, as time in connection with other 
duties was available. The Jordan, Weber, and Bear Elvers, the prin- 
cipal sources of supply, were gauged, and the depth, width, and velocity 
of forty entering creeks and ditches measured by estimation. Nearly 
two-thirds of the meander was completed and a number of soundings 
made. Nine main and secondary triangulation stations were occupied, 
128 three-point stations, and 255.8 miles measured along the meander. 
Cistern-barometer observations were made at 134 stations, and aneroid 
observations taken at 273 points. It is intended to continue to comple- 
tion during a subsequent season the part of the work about the lake, 
which may be done at inconsiderable expense. 

METHODS. 

Anticipating in part the extended exemplification of the "methods of 
survey'' to appear in Vol. I of the quarto reports, a brief statement is 
presented, concerning the instruments employed, observations made, 
computations and other reductions in use upon the survey. 

The observations and reductions necessary for map constructions firom 
original data will first receive mention, followed by allusion to the exam- 
inations made in the special subjects of mineralogy and mining, geology, 
paleontology, zoology, botany, and archaeology. 

The projection and scale upon which the map is to be made having 
been determined, geographical points, the co-ordinates of which are neces- 
sary as a basis for its construction, are obtained by means of astronom- 
ical, geodetic, topographic, and barometric observations. The classes of 
points employed in the horizontal projection of the main objects observed 
are : (1) main astronomical, (2) secondary astronomical, (3) sextant lati- 
tude, (4) main triangulation, (5) secondary triangulation, (6) cross-sight, 
/7) tliree-point, and (8) meander. The determinations for altitude result 
irom barometric observations and from angles of elevation and depres- 
sion. The initial points to which the geodetic and topographical deter- 
uiiTiations are referred, and by which checked, are es^blished at the 
main and secondary astronomical stations. The sextant latitude sta- 
tions check a special chiss of points on extended meanders. The num- 
ber of main and secondary astronomically det/erinined points required 
for checks over the entire area is c()m[)aratively few. The probable 
error of the resulting longitudes and latitudes is a minimum for the class 
of instruments and observations emi>lo3'ed. 
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Field. 

MAIN ASTRONOMICAL STATIONS. 

The main astrouomical stations, selected upon or at the termini of tel- 
ejrra.ph lines, and at intervals of from 250 to 300 miles, checkinf^ belts of 
triangles, are occupied with the best field astrouomical instruments, the 
couipiirison of times being made by telegraphic exchanges. Near each 
lK)int a base is laid out, measured, and connected therewith, and observ- 
ations made at the vertices of triangles so disjiosed as to completely 
envelop the base and initial astronomical point, and to furnish computed 
bases to which the main triangulation stations next adjacent can readily 
lie referred. The observations taken at the vertices of the triangles sur- 
rDunding the base are similar in number and accuracy to those at main 
triangulation stations, and one initial point answers for each and all of 
the iSlts of triangles centering at a single base. The set of instruments 
and apparatus used at a main astronomical station are one combined 
meridian transit of 26 or 30 inch focal length, with appurtenances, or 

I astronomical transit, and 

1 zenith telescope. 

1 astronomical clock or break-circnit chronometer. 

1 chronograph, and 

1 i^cnional equation apparatus. 

1 conn<^cting switch-board, 

2 break-<?irciiit keys. 

1 battery of two jars, insulated connecting-wire, and battery fluid. 
15<> yarcbj extra telegraph wire. 
1 obsorving-tent, and the usual meteorological instruments, hereafter mentioned. 

The observations are generally made from a brick pier surmounted by 
a stone slab, upon which the base of the instrument rests. This observ- 
ing-pier acts as a permanent monument marking the spot, and may be 
available at a subsequent period for other astronomical observations. 

The meridian is marked by north and south i)iers of stone, securely 
planted at conspicuous localities. The monument and meridisin marks 
fix upon the ground a line, the length and true azimuth of which become 
taiown with much accuracy. 

An hourly series of meteorological observations, including as long an 
interval as possible, is made at each main station. 

The method of making and recording the observations for time and 
latitude, exchanging signals, computing results, and placing the same 
in form for publication, is shown in Vol. II of the quarto reports. The 
mean probable error at twenty stations, at which there is an average 
number of determinations of longitude of at least five, is found to be 
J: 0". 27, and at the same stations, with an average number of determin- 
ations of latitude of at least one hundred and thirty-five, there appears 
a mean probable error of ± O'^OS. The number of main astronomical 
stations that will have been established at the close of the season of 
1878 is 32. 

SECONDARY ASTRONOMICAL STATIONS. 

These differ from the main stations more particularly in the lesser ac- 
eiu-acy with which time and latitude are determined. The instruments 
luied are the sextant and artificial horizon, with a mean solar or sidereal 
box or jHxiket chronometer. The observations are wholly by eye and 
ear. The exchanges, instead of by automatic signals, are arbitrarily se- 
lected and transmitted by the observers at the sending and receiving 
Ktations. An illustration of the manner of conducting obser\'^ations at 
one of the statio ns, although still subject toimprovement, is shown in 

3 WH 
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the Preliminary Keport of the Reconnatssance of 18fi9. This class of ob- 
servations may be availed of at stations far distant from raibx>ad com- 
mnnication, thereby saving time and expense and the endangering of 
instruments by their transjwrtation in rude vehicles over rough roads 
for long distances in the interior. The observations for time and lati- 
tude are similar in everj' res|>ect to those employed in latitude observa- 
tions, except that more weight is attached to the time determinations, 
and the number of sets of observations is multiplied and extended over 
a longer interval. Tlie usual meteorological observations are made.^ and 
it is often found practicable to prosecute an hourly series of these at 
seconclarj' astronomical stations. The i>oint of observation is usually 
marked by a strong stone pier. The reductions are the same as thost» 
given in the next heading, and the probable error of time determinations 
and the resulting comparisons may or may not be determined by the aid 
of " least s^iuares." 

SEXTANT LATITUDE STATIONS. 

Points are checked in latitude and approximately in longitude by 
sextant observations tor time and latitude along measured lines that 
traverse long canons, mountain defiles, or low valleys and ravines, that 
admit of but few three-i)oiut stations, the horizon of distant elevated 
points being intercepted by inter\'ening obstacles. Observations of this 
grade are made at most of the camps occupied while surveying a given 
region. The instruments used are a sextant, with an artihcial horizon, 
a mean solar or sidereal box or i^ocket chronometer. The usual meteor- 
ological observations are made during the interval. The local time is 
determined by sets of observations of single or double altitudes of the 
sun, or certain selected east and west stais. The latitude results from 
sets of circummeridian altitudes of selectetl south stars and altitude.s of 
Polaris, arbitrarily selected. For each set of south-star observations a 
corresjMjnding set of Polaris observations is reiiuired, and the same for 
the meridian altitudes of the sun. The record forms required for observa- 
tions and computations are : (1) sextant observations ; (2) time by single 
altitudes ; (3) time by double altitudes ; (4) latitude by Polaris ; (5) lat- 
itude by ciicummeridian altitudes. The probable en-or of a mean lati- 
tude as determined from two sets of south star and three sets of Polaris 
observations = ± V. 4o. (See Preliminary Reiiort of 18GD, p. So.) 

■ 

GEODETIC AXD TOPOGRAPHICAL. 

It becomes important to determine astronomically the longitudes and 
latitudes of a sufficient number of stations as points of departure for 
surveys, and as subsequent checks ui>on an extended triangulation. 
It having been determined upon to prosecute the surv'ey over a given 
region, the most convenient astronomical station is selected, if one has 
been determined within or sufficiently near the area, or else observations 
to determine the co-ordinates of a well-selected point must be made. 
The Iw^ation of the site for a base-line in the vicinity is selected, if prac- 
tical)le, upon a plain or in a valley surrounded by moimtain ridges, so 
that its direction shall be nearly coincident with the longer axis of the 
cur\'e passing through the triangulation i)oints lying within its horizon. 
The extremities of the base are then permanently marked, and frequently 
stations along it. Base measurements have been, until the year 1876, 
made by the use of a compensated steel tape, held at a constant tension^ 
compared frequently with standard rods, allowance being made for tem- 
perature. A wo(Klen rod, approximately 20 feet in length, described on 
page 1219, Annual Report for 1877, is now used, careful comparisons 



GEOGRAPHICAL SURVEYS WEST OF THE lOOTH MERIDIAN. 21 

bein<r made before and after each day's measurement. Each base is 
measareil at least twice, or forward and backward, and the mean of the 
results taken. Tlie difference in level between the extremities and at 
eiuh euil of one measured leiijj^th is determined by the use of an ordinary 
Y'leveL The astronomical azimuth of the base is determined from either 
extremity, and from one of the extremities to the end of a developeil base 
being the vertex of one of the suiTounding triangles. The vertices 
of the surrounding triangles are so selected that the direction of the line 
of greatest distance between any two is such that this triangular side 
with each of the two others joining with the majority of the main trian- 
gnlatioii stations shall make a number of well-shaped or as nearly isoceles 
triangles as possible. From observatiotfs maile at the vertices of a suf- 
ficient number of triangles, a proper connection is made between the 
initial astronomical point and each of the main triangulation stations 
siuTounding it. The grade of the observations made at developed tri- 
angulation points is the same as that employed at the main stations. 

MAIN TRIANGULATION STATIONS. 

These are selected in advance, usually prominent mountain peaks, 
buttes, mesa edges, and from among natural objects easily identified, so 
that the triangles of which they become the vertices shall be as nearly 
etiuilateral a« practicable. Main triangles usually quadrilaterally con- 
nected, having sides fi-om twenty to sixty and seventy miles in length, 
rover the entire area. Sides of trangles of greater length than forty 
miles are to be avoided when possible. From six to ten and twelve point- 
ings are ma<le from eaeh station to each adjacent station of the same 
onler within the horiaon. 

The instrument used* is a transit theodolite of 10 or 8 inch limb, grad- 
uated to read by vernier to 5 or 10 seconds in arc, and with magnifying 
IH)wer sufficiently strong to recognize objects at a distance of seventy-five 
iniles in the rare, clear atmosphere of the Western mountains. Both ver- 
nier and repeated angles are read at each stiition. A profile of the entire 
horizon, usually consisting of mountain ridges, is then made, serving to 
identify distant stations and aiding also the topographer. Angles of 
elevation and depression are read to the most prominent mountain peaks. 
The azimuth of one side of each triangle is required. Incidentally the 
variation of the needle is determined. The set of meteorological ob- 
Ker\'ations is taken at exti'emities of measured and developed base^, and 
ahso main and secondary triangulation stations. The point is marked by 
a compact, conical-shaped mound of stones, in which a staff is firmly 
imbedded. A record of the occupation, on parchment paper, incased in 
a metallic box, is left buried in the cairn. 

The accuracy and refinement with which measurements and observa- 
tions are made at bases, main and secondary triangulation and other 
toiK)graphical stations, are to be varied in accordance with the scale re- 
quired for the map and the importance of the region under survey. 

The computed positions of the main stations give the co-ordinates of 
a large number of initial points not alone of value in the mai)ping enter- 
prises of the present day, but which will prove of permanent usefulness 
in the future, as more details are a^^lded to existing max)s, and might 
now be availed of with advantage to the land surveys in checking their 
main and minor lines. 

* The triangnlation instrument used at the main triangnlation Btations is the result 
of the experience of the survey, combinini; portability and strength with the requisite 
BccaTacy. It may also be available for astronomical time and azimuth observationa. 
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SECONDAKY TRIAXGULATION STATIONS. 

These stations are selected among minor peaks and natural objects, 
usually at lower altitudes than the main stations. The belts of triangles 
connecting these stations do not necessarily make a network covering 
the entire area, but embrace the mountain portions lying between the 
valleys and plains. The observations are frequently made with the same 
instruments and in like manner to those at the main stations, with fewer 
multiplications. A triangulation instrument of lesser graduation and 
tfocal power may be used, and the observations re])eated from three to 
Ave times. The horizon sketch, barometric observations, &c., are the 
same as at main stations. The sides of the secondary triangles vary in 
length from two to twenty miles. 

CROSS-SIGHT STATIONS. 

These points lie outside of the area being occupied, and are such as 
may be available for main triangulation stiitions for occupation in sub- 
sequent seasons. From the main station at which pointings are taken 
Xhese stations are treated the same as a distant main triangulation sta- 
tion, and they come into the system of triangulation as the same is ex- 
tended to include them. 

THREE-POINT STATIONS. 

These may be minor peaks or topographical objects, but are usually 
taken along measured lines. Each station must be in clear view of three 
'Others determined in position as main or secondary triangulation sta- 
tions. The readings are made by a transit theodolite, graduated to read 
by vernier to one minute. Aneroid readings are always taken, but not 
necessarily the full set of meteorological observations, variation, &c., as 
is required at main and secondary stations. The number of this class 
of stations is great as compared with main and secondary stations. The 
longitude and latitude of the most important are comi)uted, and others 
are reduced graphically. 

ItfEANDER STATIONS. 

These occur at short intervals along the measured lines that follow 
the roads, trails, streams, divides, natural routes of communication, and, 
in fact, over nearly all traveled routes. The angles of deflection of the 
line and it« azimuth, from given points, are read by a transit theodolite 
specially made for the survey, of three and a half inch limb, and gradu- 
ated to read to minutes in arc by the vernier, and of focal power neces- 
sary for distances not exceeding twelve miles. The observations at these 
stations are made by the toi)ographer and recorded upon book blanks of 
special form; tliose at the three grades before mentioned by the observer, 
and are recorded upon special forms. The number of meander stations 
is determined by the sinuosities of the road, the comi)lexity of the topog- 
rai^hy, and the scale required for the map. 

The assistant engaged upon topographical work takes the necessary- 
angles and sketches at all the stations of the several grades, and reconls 
them in blank forms specially prepared for the uses of the survey, the 
principal of which are the "mountain station" and "topographical" 
books. The observations at main and secondary triangulation stations 
include a profile sketch of the entire horizon, the marked points being 
governed by measiu*ed angles, a horizontal sketch in contoiu- of the 
declivities from the summit to the levels of the adjacent valley or plain, 
particular attention being paid to the character and direction of drainage, 
sources of which are usually found at each station occupied. Horizontal 



GEOGRAPHICAL SURVEYS WEST OF THE lOOTH MERIDIAN. 23 

sketclies of the adjacent topography are made at each "three-point'' 
and "meander'' station, and sketches at points arbitrarily selected of 
all marked topographical reliefs. He also notes the changes in elevation 
pveu by the aneroid readings, and enters at ejich station all notes of 
practical importance, whether actmiUy nee<led for the map or indicative 
of the surface of the coimtry, and the limits of the grades of land that 
iire required to be designated. Each horizontal sketch thus made should 
overlap each succeeding one, and each sheet of the topograi)hical record- 
book ser\'es as a rude plane table, the reductions from which, referred 
to the initial points of the several grades, make a connected plot com- 
pletely delineating the area entire. Measurements along the roads, trails , 
water-courses, &c., result from the number of revolutions, indicated by 
an odometer, of a single wheel attached by shafts and other rigging to 
an animal, usually a mule, ridden by the observer. The actual number 
of revolutions to the mile made by the wheel is found from practical tests 
<>n different classes of traversed routes, and also over the different profiles 
found of each class. Tables Jire then prepared, from which the distance 
for any given number of revolutions can be taken, the arguments being 
the character and profile of the route and the number of revolutions per 
mil** resulting therefrom. The recorder enters also the aneroid readings 
at each station of the route, indicates the character of each cam]), as to 
woml, water, grass, and other camping facilities. He notes also the 
general character of the country, its opportunities for travel, the nature 
of the landscape, the amounts of timber and grass, and information con- 
c^^miiig springs, streams, &c. In plotting the measured meanders allow- 
ance is nuule for the sinuosities of the road and the differences in elevation. 
Tb<» former is reduced by estimation; the latter is governed by the aneroid 
profiles. 

In addition to the number of altitudes resulting from cistern and ane- 
roid barometer observations, those deduced from vertical angles of ele- 
vation and depression taken by the toi)ograplier upon all marked i>oints 
torn eacli of the stations form no inconsiderable number. Variations 
of the needle are determined at each camp and at all stations of im])ort- 
an(*e. The method employed is b}" observations upon Polaris at its 
elongation, the most rapid and accurate where an ordinary field-transit 
theoilolite is employed, or by observing the magnetic azimuth of Polaris 
at any of its hour angles, the local time being given or known. The 
magnetic needle is not used in observing courses, except along unim- 
iwitant meanders, and its use is to be discouraged even in these cases. 

The degree and amount of evaporation are determined on lakes, ponds, 
and rivers of imi)ortance, and streams are gauged usually at their 
I>oint of leading the foot-hills for the valleys or plains. For the latter 
measurements the method given in Lee's tiibles has been adopted. 

The instructions contemplate a connection, tiigonometrically or by 
offset*?, with stakes marking the sui^'^eys of the public lands where found. 
In the case of offsets the compensated steel tai>e or chain is used. The 
8(H»tion of the survey bordering on the Pacific coast has been directed, 
where practicable, to join, by a triangulation connection, with monu- 
ments and stakes of the United States Coast Survey. The same holds 
go(Kl in all the sections with regard to monuments of the boundary lines 
between political divisions. 

The recording of the notes upon which to base the delineation of the 
land traversed into agricultural, non-agricultural, timbered, grazing, 
mineral, &c., is now made mandatory. The data are entered in the topo- 
graphical field-books, and the description is prepared by the chief of 
party and the topographer. 
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Magnetic observations for the detennination of declination, dip, and 
intensity are taken, when practicable, at main astronomical stations, by 
means of a portable magnetometer and dip ci.cle. 

BAROMETRIC ALTITUDES. 

Differences in altitude resulting from bai'ometric observations are ob- 
tained for each of the stations of the several grades of observations. 
These are divided into cistern and aneroid barometer observations. A 
set of the cistern barometer observations consists of the reading of the 
mercurial column by a veniier scale, and of the attached thermometer 
for temi)erature of the column, and of the wet and dry bulb thermome- 
ters. The anemometer, when at hand, indicates the force of the wind, 
its direction, and the character and extent of clouds are estimated. The 
maximum and minimum thermometers are each recorded once during 
eveiy twenty -four hours. At main astronomical stations the rain-gauge 
is also employed. Aneroid barometer readings are, in all cases, referred 
to those of the cistern barometer, and frequently during each twenty- 
four hours the comparative index error is determined. Aneroid obser- 
vations consist of reading by the index arm the inches and decimals of 
an inch, and upon the altitude scale the number of feet, as also the 
attached thermometer. The general meteorological conditions are noted 
and the hygrometers are frequently read. The methods of observation, 
of reduction, care, repair, and filling of instruments are described in the 
manual of instructions. 

The temperature of mineral and thermal springs of the area surveyed 
is noted, and specimens therefrom taken for examination aiul analysis. 

The difterence of readings of the wet and dry bulbs in the atmosphere 
adjacent to and over surfaces of water, as lakes, i)onds, hot springs, 
rivers, &c., is in many instances noted. For the observations in tlie 
branches of mineralogy and mines, geology, paleontology, zoology, bot- 
any, and archseology, usually made by experts and specialist's, retpiiring 
but few insti'uments, the eye unaided so frequently noting phenomena, 
no formulated methods as guides have so far been de\ise<l. Ditt'erent 
observers may rciich the same results by slightly different methods. The 
collection of data is dependent upon the objects sought, whether scien- 
tific or pnictical. The results are the determination of the structural 
geology of the region, with characteristic profiles, the collection of fos- 
sils, vertebrates and invertebrates, fvom discovered beds. In min- 
eralogy and mines the examinations take a wider range, involving en- 
gineering plans and methods of execution, as in the mining and milling 
of ores, &c. Specimens are, when practicable, collected illustniting the 
lithological characteristics of all grades of rock, dex>osits of oi*es, from 
saline, alkaline, lx)rax, and otlier beds. 

In zoology collections of mammals, birds, fishes, insects, &c., are made, 
and when a sufficient amount of any one clavss is secured, are place<l in 
the hands of a specialist for examination and report. The same rule ap- 
plies in botany. Many new and interesting discoveries have resulted, and 
knowledge of geographical distribution is thus increased. A study of the 
present and extinct Indian tribes, tis to their habits, language, customs, 
biuial places, mounds, &c., has developed nmch interestijig archaeologi- 
cal nmterial, a i)art of which is rei)orted upon in Vol. VII, forthcoming. 
Photographs of landscape and sttneoscopic size have been made, illus- 
ti'ative of peculiar landscape features, of i)articular geological forma- 
tions, of ruins, and of several Indian tribes. 

Offiee. 

The office reductions necessary in the constniction of the map and 
'^.ompanying report are, computation of the longitudes, latitudes, and 
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altitudes of points of the several orders of value, determined astronomi- 
cally, geo<letically, and barometrically ; the projection and consti'uction 
i>f tiie preliminary plotting sheets, and of the resulting topographical 
maps, upon which the land classification and geological sheets are based; 
in the computations of latitudes and departures, and for variations of 
the needle, and in the reduction of the meanders and other topographi- 
cal dat^ ; the preparation of tables of distances, of longitudes, latitudes, 
altitudes, variations, &c. ; and in the reduction of magnetic and other 
o^>servations. The reduction of the astronomical observations of two of 
the three grades employed has been adverted to, and those necessary for 
latitude results are made upon blank forms upon which are entered the 
arguments required in computations for errors of local times, from single or 
double altitudes of the sun or stars, from circum-meridian observations, 
and those upon Polaris off the meridian for latitude. The triangles are 
;n*oui>ed in the best conditioned figures, and the necessary computiitions 
tV>r the adjustments^ distances, azimuths, longitudes, and latitudes are 
made, as indicated in the notes herewith upon geodetic computations. 
Computations are thus made of the main and secondary triangulation, 
cross-sight, and three-point stations. 

The computations necessary for the determinations of differences ot 
altitude from cistern and aneroid barometer observations are made by 
referring each set of observations to one or more initial points well es- 
tablished in altitude, at which simultaneous observations have been 
taken, and by means of the methods so well pointed out by Bvt. Lieut. 
Col. il. S. Williamson, Coii)8 of Engineers, in his treatise on the barome- 
tiT. (See Professional Papers of the Cori)8 of Engineers, No. 15.) The 
co-ordinates of the check-points having been determined, they are plotted 
n\H}n a sheet projected upon a scale of 1 inch to 2 miles, known as the 
tojwgrapher's i)lotting-slieet. The projection emploj^ed, and for which 
co-ordinates are computed at the Washington office of the survey, as re- 
quired, is that of a secant cone intersecting the spheroid in latitudes 34° 
and i4P north; the initial element of the cone being the line joining the 
points at which the parallels above mentioned are intersected by the 
111th meridian of west longitude. The resulting maps admit of con- 
joining ; and the amount of distortion, both in distance and azimuth, for 
so large an area is less in the aggregate than in thepolyconic projection. 
The topographer, after the computation of the latitudes, longitudes, and 
meanders, reduces ui)on the field-plot all the topographical data, foUow- 
iii*r the conventional signs adopted for these sheets. 

The topographer's plot is a complete and acciu'ate representation of 
all the topograi)liical information secured in the field, adjusted to the 
projection upon which are laid down all the initial check-points upon 
which the work is bjised. Upon photographs of these plots the classi- 
fication of the lands into grades is made, as also upon the completed map 
when reproduced by photolithography. The final sheets are drawn upon 
l)oards u[)on which paper has long been mounted, and by the same or 
secant-conic projection on a scale one-third larger than the published 
representation, i. c, 1 inch to 4 miles and 1 inch to 8 miles, or to such 
scales as may be decided upon in order that the advantages resulting to 
photolithography from a reduction in scale may be secured. The fin- 
iahed map is prepared by oflice draughtsmen and the work is di\ided 
into construction, line-drawing and lettering, and hill-sha<ling. The 
plotting-sheets are drawn in conjectural contours, and the final maps in 
lK)th hachures and contours, as also by a combination of the two. To 
accurately represent the true contour or vertical relief of the ground 
upon a horizontal projection by conventional signs has long been a de- 
tjideratom^ several methods having been adopted. These resolve them- 
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selves into two distinct forms, (1) by contours and (2) by hachures. Tlio 
first, for the highest use to which a map may be applied, i. 6., for con - 
struction purposes, where accurate working profiles are required, is well 
nigh indispensable. Such a use presupposes the accurate determination 
of a large number of points at short distances apart on each contour, 
an accuracy to which but few if any of the most refined surv^eys of tJie 
world have reached for large areas. The engineer's contour or the con- 
tour of precision is^ it must be understood, far dift'erent from thovso 
the result of sketching between points of each contour determined at 
irregular intervals, that might be termed, in consequence, coBJectural 
contours. 

Contours have to some extent been used in this country as the basis 
upon which to delineate geology, thereby rendering the coloration of 
the formations as first in importance. Hachures, or lines normal to 
the contours, of two kinds, have been emi>loyed in certain foreign sur- 
veys : (1) of uniform strength and varying number per linear inch ; (2) 
of uniform number per inch and varying strength. These have some- 
times been called mathematical contoiu's. In either of these forms they a re 
stift' and inexpressive. The hachures emploj^ed upon the final maps of 
the survey are arbitrarily selected as to du-ection, number, and strengtli, 
allowance being made for light and shade, as best suits the scale whexe 
they have been employed. By combining the two (hachiures and con- 
tours), the former being used only to represent the steepest declivities, 
the most striking effect is produced, the maj) is less obscured by heavy 
lines, and the more practical information, showing roiites of commu- 
nication, lines of drainage, settlements, &c., appears in bolder relief. 
Neither plan has yet been adoi)ted by the surv ey, the hachure metlunl 
having been most used. Each map is made a completed original, ready 
for reproduction by the camera, and becomes one of the most important 
i-ecords of the survey. 

From the computation-forms the longitudes, latitude's, azimuths, 
altitudes, distances, variations, &c., are entered upon a book recorcl 
specially i)repared, and are held for refei'ence or publication. The 
geology of the areas represented is shown by a scale of colors selected 
to indicate the different formations upon the topographical maps as a 
base. The three originals, (1) toiwgraphical, (2) land classification, (3) 
geological, of each map are filed iis a part of tlie records of the survey. 
The reports of operations embrace a description of the annual labors of 
the survey and discussion of the results. The quarto reports aggregate 
results in special subjects, as geology, palieoutology, &c., x>repiM*^d by 
assistants engaged upon the survey, and by others, authorities in their 
sevenil scientific branches. The methods pursued in the examinations 
upon data, and collections in mineralogy , geology, zoology, &c., requiring* 
so much comparison and research, cannot be reduced to the exactita<li> 
of mathematical computations, map projections, and constructions, but 
are more the result of individual eflbrt after long training and exi>erience. 

The field instiiiments that have been employed are as follows : 

ASTRONOMICAL, GEODETIC, TOPOGRAPHICAL, AXD BAR0M:ETRIC INSTRUMEXTS. 

Astronomical transits. 

Moi'idiau transits (Coast Survey i>attern). 

Zenith telescopes. 

Sextants and artificial horizons. 

Astronomical clocks at observatoriefl. 

Mean solar and sidereal box-chronometers. 

Mean solar and sidereal pocket-chronometcra. 

Mean-time watches. 

Chronographs, cylinder and fillet patterns, 

Personal-eqaation apparatus (siu'vey pattern). 
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Coonecting switch-boards (Harkness pattern). 

Break-circuit keys and battery. 

Size of limb. Beading in arc by Teniier to- 
Transit theodolites 10 inch 5 seconds. 

Transit theodolites 8 inch 10 seconds (Survey pattern). 

Transit theodolites 7 inch 30 seconds. 

Transit theodolites 6 inch 60 seconds. 

Topofi^raphers transit theodoUtes Z^ inch 60 seconds (Survey pattern). 

Gradienter Scinch 60 seconds. 

Levels and staffs. 

Alt.izimnths. 

Pocket sextants. 

Prismatic and pocket compasses. 

ilagnetonneters. 

Dip circles. 

Five-foot steel standard rods (U. S. C. S. pattern). 

Twenty-foot wooden ro<l«, with scales and stands. 

Compensated steel tapes, 50 feet. 

Steel and linen tapes, 50 feet. 

Steel chains, 50 feet. 

Odometers, with vehicles. 

Pedometers. 

Cistern-barometers, donble vernier, with moimtain attachment. 

Miinntaiii cistern-baromefers (H|)ecial pattern). 

Aneroid barometers, reading to 20,000 feet (Survey pattern). 

Hydrometers (Survey pattern). 

Pocket thermometers. 

High temperature thermometers. 

Maumoni and ndnimum thermometers (Survey pattern). 

Anemometers. 

Aerometers. 

Kaiii gauges. 

Cue set field drawing instruments, with protractors, scale, rules, and triangles. 

The record forms for observations in the astronomical, geodetic, topo- 
graphical, and barometric branches of the work exceed thirty in number, 
and are mainly the out^ip'owth of tlie practical exi)erience of the survey, 
and particularly calculated to facilitate both field and oflice operations. 

Thus a brief, imperfect pjlance at the methods emi)loyed has been 
given. For a more complete view, reference to the manuals for geodetic, 
toi)ographic, and astronomical observations and their reduction, being 
prepared, and to the treatment of this subject in Yol. I of the quarto 
reiiorts when issued, will be necessary. 

The expenses of the survey up to March 8, 1878^ are given in House 
Ex. Doc. Ko. 88, Fort^'-flfth Congress, second session, as follows: 

The amount expended by the Engineer Department for this survey during the last 
ten years, including the preparation of reports, maps, and illustrations, has been 
^2,2.^9. From this sum should be deducted the value of the instruments and other 
property on hand, amounting to the estimated sum of $57,000, and proceeds of sales of 
(-ondemne<l property, amounting to ^,488.45, deposited in the Treasury of the United 
States, leaving a balance of fi36H, 770.5*5. 

The value of the aid and assistance received from the Quartermaster's Department 
in ten years, as reporte<l by the Quartermaster-General (but not including certain 
vouchers not in his offlc<*, thes<> vourhers being on file in the Treasury Department), 
lias amounted to $85,238.70, from which should be deducted the value of quarter- 
inaHter^s property now on hand and available for the further use of the survey, 
^,1*01.52, leaving a balance of $75,437.18. Lieutenant Wheeler, however, after a 
careful estimate, reports tlio iolal value of the aid and assistance of all kinds received 
from the Quartermaster's Department in the last ten years as $121,348. The Chief of 
Onluanc© rejiorts the total value of ordnance stores expended and lost within the last 
ten vears, on the surveys west of the 100th meridian, as $4,062.63. This amount does 
not include the value of ordnance stores on hand and available for the further use of 
the survey, nor the deterioration of ordnance stores returned to tlie Ordnance Depart- 
ment, or to various mihtary posts in the West, the amount of such deterioration being 
unknown. The value of the aid and assistance received from the Subsistence Depart- 
ment within ten years, as stated by the Commissary-General, has been $5,135.54. 
Transportation and office-rents have been paid for partly from the appropriations for 
the survey, and partly by the Quartermaster's Department. 
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GEODETIC COMPUTATIONS.* 



ABJtJSTMENT OF ANGLES. 



When the angles at any station are to be obtained firom veniier read- 
ings, the adjustment is made in the following manner : Take the means 
of the two veniier readings upon each point included in the observations 
around the horizon, for the reading upon that pomt ; the two readings 
thus obtained for the point of beginning will usually differ ;t when they 
do not, no corrections are to be appli^ to the readings. Wlieu there 
is a difference between the two rea<lings upon the point of beginning, 
this difference is to be divided by the number of points observed upon ; 
the quotient is the correction to be applied to the reading upon the second 
point. The corrections then incretvse in arithmetical progression, beings 
applied in order to the consecutive readings. The corrections will all 
have the + or — sign, according as the meiisurement around the horizon 
falls short or exceeds 360^. Each set of observations around the horizon 
is to be thus corrected -when necessary. The angles between the i>oints 
are then derived by differences between consecutive readings in each set 
of observations. The means of the values for the "different angles thus 
obtained are taken for the final valuer of the adjusted angles. 

When the measurements at any station are repeated angles, the ad- 
justment is made by the method of least squares, and is as follows : It 
is evident that between the w objects which siuround any point, there are 
necessarily n — 1 angles. Any angle measured between two points, not 
consecutive, is the sum of two or more consecutive angles; hence when 
all the angles are measured, any measure between points, not consecu- 
tive, gives an equation of condition. As many conditional ecpiations as 
possible should be formed, care beuig taken that no one is introduced 
which is a consequence of two or more already considered. The sum of 
all the angles at a station should be 360'^, and this rigid condition must 
always enter among the conditional equations. The method of forming 
the conditional equation is shown in the accompanying example. 

Measured angles at station. 



II 



(1) Caatle— Sierra 20 07 37 

(2) Washoe— Castle 21 23 24 



(3) Washoe — Sierra 



42 31 01 
42 30 49 



12 



// 



(4) Pea vine— Washoe ... 12 39 50 
(2) Wjishoe— Castle 21 23 24 



34 03 14 
(5) Peavine— Castle 34 03 12 



02 



(6) Snmmit— Washoe ... 11 47 00 
(3) Washoe— Sierra 42 30 49 



54 17 49 
(7) Summit— Sierra 54 17 56.5 

07.5 



(8) Onjumi— Peavine... 25 14 18 
(4) Peavine— Washoe ... 12 39 50 



(9) Onjnmi — ^Washoe. 



37 54 08 
17 53 59 



09 



* The description of the methods employed in the geodetic computations has been 
prepared by Lieut. Samuel E. Tillman, Corps of Engineers, and the late Dr. F. Kampf, 
assistant, United States Geographical Surveys. 

t If this diflfcrence is pro3uce<l by a slipping of the instrument, at any particular 
setting, it will be observed by inspecting the ditfereutial angles, and should be cor- 
rected without other consideration. 
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(10) Oigumi — Siiminit 

(6) Summit — ^Washoe .. 



(9) Oigami — ^Washoe.. 



O I If 

26 07 04.5 
11 47 00 

37 54 04.5 
37 53 59.0 

5.5 



// 



(13) McKesick's— Oiijumi 30 09 29.5 
(14)Tbomp80u— McKesick'sOO 15 29.1 

90 24 58.6 
(15) Thompson— Onjumi . 90 24 54. 5 



4.1 















+ 12 

+ 2 
— 7. 






9 
5. 
5. 
+ 4. 
4-26 
+ 25. 



+ (1) 

+ (4) 

5+ (6) 

+ (8) 
5 + (10) 

5 +(11) 
1 + (13) 

-f(15) 
5+ (7) 






(2) 
(5J) 



+ (3) 
+ (4) 
+ (6) 
+ (l5i) 

+ (10) 
+ (17) 



- (3) 

- (5) 

- (7) 

- (9) 

- (9) 
-(13) 
-(15) 
-(16) 
+ (16) 



(11) State Line— Onjumi . 16 02 41 

(12) McKe6ick'»— State Line 14 06 43 



30 09 24 
(13) McKesick'a— Onjumi 30 09 29.5 



(15) Thompson — Oiyumi 
(10) Oi^umi — Summit -. 



(16) Thompson — Summit 



5.5 

90 24 54.5 
26 07 04. 5 

116 31 59. 
116 31 33 

26.0 



// 



(7) 54 17 56. 5 
(17) 189 10 56. 
(16) 116 31 33.0 

360 00 25.5 




These equations of condition, containing a greater number of unknown 
quantities than there are equations, are to be solved by means of correl- 
atives (Chauvenet, 5o(>, Vol. II). To obtain the coefficients in the normal 
iHjuations, the following form for the equations of correlatives is to be 
used : 



1 


1 

4-1 


2 


3 


4 


5 


6 


7 


8 


9 


«> 


-H 
















3 


-1.. 


-HI 














4 


+1 












h 














f) 


4-1 
-1 




+1 










7 




... 








+1 


8 


-t-1 
-1 










9 
10 
11 








-1 
-fl 


+1 




• ■ 

-f-1 


• • • 


Xi 


+1 

-1 


+1 

4-1 


+1 
-1 

• • 


• mm 


L3 
14 




... 








15 














-1 


16 
17 






•• 






... 


+1 

4-1 



Coirections. 



- 0.68 

- 9. 684- 5. 53 
4- 9.68-11.53 
4- 5. KJ- 9. 03 

- 5.53 

-11.534-12.56 
4-11.53-19.87 

- 9.03 

4- 9. 03-12. 56 
4-12. 56-22. 58 

- 1.27 

- 1.27 

4- 1. 27- 9. 32 

- 9.32 

4- 9. 32-22. 58 
4-22. 58-19. 87 
-10.87 



Corrected anglea. 



21 07 
21 23 
42 30 
12 37 
34 03 
11 47 
54 17 

25 14 
37 53 

26 06 
16 02 
14 06 
30 00 
60 15 
90 24 

116 31 
180 10 



27.32 
19. m 
47.15 
46.50 
06.37 
01.03 
48.16 
08.97 
55.47 
54.48 
39.73 
41.73 
21. 45 
19.78 
41.24 
3.5.71 
36.13 



1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 



Castle — Sierra. 
' Washoe— Tflfttle. 
1 Washoe— Sierra. 
I l*eaviue— Washoe, 

Peavine — C'astle. 
I Summit — Washoe. 

Summit — Sierra. 
I Oi^nmi — ^Peavine. 

Oinumi — Washoe. 
' Chyumi — Summit. 
I Stat« Line— Oi\iumi. 
I McKesick's— Stute Line. 
I McKeaick's — On|nmi. 
I Thompson — McKesiok's. 

Thompson — ()i\jumi. 

Thom]>8oii — Snmroit. 

Sierra — ^Thompson. 



Note. — Rule an many parallel columns as there are equations of condition ; to tho 
leA of the first column arrange in vertical order the 8yml>olB indicating the unknown 
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quantities (nsnally figures) in the equation of condition. The factors to the nnknown 
quantities, beginning with the first conditional equation, are placed in order in tho 
vertical columns, opposite their respective quantities, and with their proper signs. Tlio 
numerical terms in the normal equations will be the same as in the eonditioual equa- 
tions. The coefficients of the unknown quantities in the normal equations are obtainetl 
l>y multiplying the several factors in every column each into itself and into the cor- 
resi>onding ones in every other, and summing the products of the respective columns. 
When the unknown quantities are of different weights, an additional column is intro- 
duced in the correlates, the weights being placed opposite their respective quantities, 
and emx)loyed in the combination of the factors. The normal equations in this case are : 

0=-hl2 4-3.000+1.000—1.000 

0=4-2 -hi. 000 -f-3. 000 [-1.000 

0=— 7.5 —1.000 h3.000 hl.OOO 1.000 

0=4-9 [-1.000 [-3.000 4-1.000 

0=4-5.5 [-1. 000 4-1. 000 -t-3. 000 4-1.000 

=— 5. 5 [-3. 000 —1. 000 

0=4-4.1 [-1.000 4-3.000—1.000 

0=4-26 hl.OOO 1. 000 4-3. 000 —1. 000 

0=4-25.5 1.000 1.000 4-3.000 

These equations are solved by logarithms, as shown below : 

0=-f- 8.5 0.333 0.333 

= 4-26 4-1.000 —1.000 4-3.000 



4-34.5 —0.333 [-1.000 1.000 4-2.667 

1.5378 9.5224 0.0000 0.0000 (0.4260) 

0=4-4.1 1.000 4-3.000—1.000 

4-12.94 0.125 4-0.375 0.375 * 

4- 17. 04 ^.^ +0. 375 —1.000 -f2.625 

1. 2315 9. 0969 9. 5740 0. 0000 (0. 4191 ) 

0=— 5.5 h3.000— 1.000 

4- 6. 49 0. 048 f-0. 143 ^0. 1^1 

-h 0.99 — ^^ ^-I_"Z5.04« [-0.143 +2.619 

9.9956 8.6812 9.1553(0.4181) 

0=+ 5.5 [-1.000+1.000+3.000 [-1.000 

— 12. 94 [-0. 125 0. 375 [-0. 375 

0=— 7744 ^^ [-l7l25^ +1. 000 +2.^ -JT .^0.375 

— 2. 435 [-0. 018 0. 054 +1. 043 

— 9. 875 [-1. 143 +1. 000 +2. 571 +0. 143 

— 0.054 [-0.003 0.008 



_ 9. 929 hi. 146 +1. 000 +2. 563 

0.9969 0.0592 0.0000(0.4087) 

=+ 9 [-1. 000 h3. 000 +1. 000 

+ 3. 874 0. 447 —0. :i90 

+ 12. 874 +1. 000 —0. 447 +2. 610 

1. 1096 0. 0000 9. 6503 (0. 4166) 

0=+ 8.5 0.333 0.333 

= — 7. 5 —1. 000 [-3. 000 \-l. 000 

+ 1.000— iToOO +2. 667 [-1. 000 0. 333 

4- 4. 300 0. 042 [-0. 125 —0. 125 

^-fr573(X)-47000 [-2. 625 [-1. 125 0. 125 

^ 0. 811 0. 006 [-0. 018 —0. 048 
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+ 6. in— 1. 000 [-2. 619 hi. 143 —0. 048 

4- 0. 018 0. 001 f-0. 003 



-f 6. 129—1. 000 1-2. 618 hi. 146 

-h 4.44 0.512 —0.447 

-h 10. 669—1. 000 -h2. 106 —0. 447 

4- 2. 205 hO. 171 —0. 077 



+ 12. 774—1. 000 -hO. 171 +2. 029 
1. 1062 0. 0000 9. 2330 (0. 3073) 



0=-h 2.000+1.000 +3.000 hi. 000 

— 4. 820 0. 383 +0. 171 

— 2. 820+1. 000 +2. 617 +0. 171 

— 1. 08 +0. 084 —0. 014 



— 3.90 +1.084 +2.603 

0.5911 0.0351 (0.4155) 

= + 12.OO +3.000 +1.000 —1.000 
+ 6. 29 —0. 493 +0. 084 

+ 18.29 +2.507 +1.084 
+ 1. 62 —0. 451 



+ 19. 91 +2. 056 



/ 



1.2991 k1 k 2 K 3 li 4 /c5 k Q k 7 k S x9 

0.3131 —9.68 +5.53—11.53 —9.03+12.56 —1.27—9.32—22.58—19.87 

0.9860 

\OTE. — The Holntion gives the indicated values for the correlatives, which, multiplied 
into their rorre«iK>ndiiig factors in the equations of correlatives, deterniiuo the correc- 
tions to the anknown quantities, as shown in the example above. 

After the angles at all the stations are corrected by either of the above 
methods, these angles are to be used in the formatiou of the triangles. 
The adjustment of the figure composed of several triangles is next ac- 
complished. This adjustment involves what are called both angle and 
side equations. The first result from the necessity of the three angles 
of any triangle being equal to 180° +- the spherical excess ; the side 
equations from the necessity of the several directions to any one station 
intersecting in the same vertical line. The conditions are simultaneous, 
and the angle and side equations must be solved together. The figure 
for adjustOient should include those points which give the best triangles. 
This result is obtained when each point is occupied and each observed 
iTom every other. It usually facilitates work to include 5 to 7 points in 
a figure. It is also advantageous to embrace triangles in which the 
smallest angles exist. After all the triangles possible between the points 
selected are formed, the '* spherical excess'' (e) of each must be com- 
puted ; fourrplace decimals are sufficient. This computation should 
always be controlled by observing whether the sum of the corrections of 
two of the triangles of a quadrilateral be equal to the 
sum of the corrections of the other two into w^hich it 
can be divided. Each angle is formed by two sights, 
and is represented by figures, thus : 1. 2. 0. The number 
at the vertex is always placed in the center ; or it may ^' 
be represented thus: — (J) + (2)7 the left-hand sight being given the nega- 
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tive sign. The spherical excess (e) is computed thus (the side 1 — 2 being 
known) : 








log 1-2 


4.6391 




1.0.2 


149° 56' 20". 74 


a. c. sine 


0.3002 




0. 'i. 1 


19 37 54 .26 


sine 


9.5263 




2. 1. 


10 25 45 . 00 


Blue 


9. 2577 


a 6626 






log 0-1 


4. 46iy6 


9. 691H 




e — 0.58 


log 0-2 


4.1970 


1.4047 
9.71571 




The sum of the two sides (0 — 1) and (0 — 2) multiplied into sine of in- 
cluded angle and into a C/onstant depending on the latitude gives {e). 

The number of equations. — In every quadrihiteral there can be forme<l 
three independent triangU^s ; the fourth is a conseipience of these tiiree. 
In each ligui'e one has therefore three angle equations. In forming those 
equations those triangles should be used with largest eiTor, that is, the 
maximum ditferenee from 180° + e. The side equation results from a 
principle of solid geometrj'. • 

Considering (0. 1. 2) as the base, the whole figure, 0. 1. 2. 
3., may be considered as the i)rojection of a pyramid, in 
wiiich the sum of the logarithmic sines of the angles at the 
base taken in one direction, must be equal to the sum of 
the logarithmic sines taken in theoppositedirection; in this 
case log. sine 3. 2. 0. + log. sine 3. 0. 1. + log. sine 2. 1 . 3. = log. 
sine 3. 2. 1. + log. sine 0. 1. 3. The vertex must be so chosen 
0,s to give the smalle.st angles in these e(iuations. That station is best for 
tlie vertex the sum of whose distances from the other three is a minimum, 
or that point which is observe<l more often to than from. To illustrate 
the method of forming angle and side equations, supiwse one hsis five 

points at which the angles have been adjusted. Com- 
mencing \Wth any point, number them around in or- 
der to the right ; join 1 with 2, and 2 with 3, and 1 
with 3; this gives one angle equation. Then join 4 
with each of tlie other 3 points; this gives two more 
independent angle etpiations and one side equation. 
If, now, the fifth i)oiut be joined with the other four, 
the first two new lines will give a new angle equation, and then each 
additional line Avill give one, and so on for each point brought into the 
combination. When each i)oint is observed from every other, the num- 
ber of angle equations will be equal to the sum of the natural numbers 
from 1 to a number 2 less than the number of points, that is, from 1 to 
n— 2 inclusive. After the first three points are joined, it wiYL require 
three new lines to bring into existence a side equation. As each new 
jioint is brought into the figure it ^first requires three lines to introduce a 
side equation; then each line to the remaining points gives one; so that 
the niunber of side equations under above couditions, all iK)int8 being 
observed from all others, will be equal to the sum of natural numbei-s 
from 1 to w— 3 inclusive. When each point is not observ^ed from every 
other, the number of angle and side equations may be known by the 
following fonnulae : 

Z — n + 1 = number of angle equations. 
I — 2w + 3 = number of side equations. 
I = number of lines. (Report of Chief of Engineers, 1872, p. 1046.) 

The numerical term in each angle equation is the difference between 
180° -+- € and the sum of the angle in that triangle, -f- when the sum of 
the angles is > and — when <180o + e. The numerical term in each 
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sMe equation is obtained by summing the log. sines of the angles taken 
in one direction and obtaining the difference between this sum and the 
sum of the log. sines in the opposite direction. The logarithmic differ- 
ences of the sines for 1° become the coefficients 6f the correction to the 
directions. ^Coast Survey Report, 1854, p. 80.) 
The followmg example will illustrate the preceding explanations : 



2.0.1 
0.1.2 
1.2.0 



Sph. exc. 



(1) Formation of triangles in the figure. 



Angles ob- 
served. 

o / /' 

114 12 27. 14 
43 46 12. 33 
22 1 14.22 

179 59 53. 74 
0.04 



Corrections 

derivwl by 

method of 1. sq. 



// 



+ 10.73 

— 0.13 

— 4.30 



1.3.4 
3.4.1 
4.1.3 



Anprles ob- 
8er>'ed. 

o / /' 

69 24 39. 92 
22 42 58. 73 
87 52 2. 61 

' 179 59 41.26 
Sph. exc. 0. 34 



Corrections 
derived by 
metbod uf L sq. 



// 



-f 14.69 
4- 5.05 
— 0.66 



•or of triangle : — 6. 30 

1. 3. 2 43 41 33. 55 
3.2.1 46 44 50.36 

2. 1. 3 89 33 0. 00 




12.71 

16.87 

6.64 

13.78 

11.22 

7.30 


Error: — 19.08 

1.4.0 7 2140.90 
4. 0. 1 127 11 3. 61 
0.1.4 45 27 9.77 


+ 
+ 


2.74 

4.09 
7.17 


179 59 23. 91 
Sph. exc. 0. 13 


179 59 54. 28 
Sph. exc. 0. 10 




Error: — 36.22 

L4.2 1 5 9.63 
4. 2. 1 177 13 48. 25 
2. 1. 4 1 40 57. 39 


Error: — 5.82 

2. 3. 4 25 43 6. 37 

3.4.2 23 48 8.36 

4.2.3 130 28 57.89 


1.98 
8.73 
5.65 



179 59 55. 27 
Sph. exc. 0. 01 



180 12.62 
Sph. exc. 0. 22 



1.3.0 
3.0.1 
0.1.3 


Error : — 4. 74 

12 36 33.95 

a4 4 1.47 

133 19 12. 38 


+ 16. 11 

— 10.38 
-f 6.51 

-f 21. 11 

— 3.40 
+ 12.57 


Error: + 12.40 

4. 0. 2 12 58 36. 47 
0. 2. 4 160 44 57. 53 
2.4.0 6 16 31.27 




14.82 

6.92 

16.52 




179 59 47. 80 
Sph. exc. 0. 04 


180 5.27 
Sph. exc. 0. 05 




2.0.3 
0.3.2 
3.2.0 


Error: — 12.24 

80 8 25.67 
31 4 59.60 
68 46 4. 58 


Error: -f- 5.22 

4.0.3 93 7 2.14 
0. 3. 4 56 48 5. 97 
3.4.0 30 4 39.63 


6.29 
1.42 
7.79 



179 59 29. 85 
Sph. exc. 0. 13 



179 59 47. 74 
Sph. exc. 0. 40 



Error: 


— 30.28 


Error: 


— 12.66 






(2) Formation of side equations^ 








Obs. sph. Corrected 
angles. sph. angles. 

Q 1 II II 


Logarithms 
of slues. 


Var. for 1". 


Last 4 places of 
log. or sines of 
corr. angles. 


(?) + (!) 


133 19 12. 38 18. 89 


9. 8618522 


— 0.199 


8392 


(S) + (l) 


31 4 59.60 56.20 


9. 7128875 


-1- 0.350 


8756 


a)+(8) 


22 1 14.22 9.92 


9. 5739620 


+ 0. 521 


9396 




9. 1487017 


6544 
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Gb^nph. Correctjd I^th». v^.farl". ^.ofSS^of 

Mng}e^ •ph.angkA, of allies. co?r. angle*. 

— (i) + {«) 68 46 4.58 17.15 9.9G94725 -f 0.082 4827 

— (J) + (S) 12 36 33.95 50.06 9.3390615 +0.941 2131 

— (i)4-(!) 43 46-12.38 12.25 9.8399505 +0.220 9592 









9.1484935 




6550 








+ 20.82 






(?)+(?) 


89 33 0.00 


a64. 


9.9999866 


+ 0.002 


9867 


(l) + (5) 


25 43 6.37 


8.35 


9. 6374.387 


+ 0.438 


4474 


«) + (i) 


1 4 69.63 


55.85 


8. 2776845 


+11. 110 


1513 




7. 9151098 


5854 


«)+(!) 


23 47 68.36 


59.63 


9.6059322 


+ 0.477 


8905 


(!) + (!) 


43 41 33.55 


46.26 


9.8393458 


+ 0.221 


3739 


(!) + «) 


1 40 57.39 


64.69 


8.4677980 


+ 7. 170 


3209 




7. 9130760 


5853 








+ 203.38 






(«) + (5) 


12 58 36.47 


21.05 


9.3513255 


+ 0.914 


1901 


(?) + (?) 


43 46 12.38. 


12.25 


9.8399595 


+ 0.220 


9592 


a) + (l) 


1 4 69.63 


55.85 


8.2776845 


+11.110 


1513 




7.4689695 


3006 


a) + (S) 


6 16 31. 27 


47.79 


9.0386469 


+ 1.914 


9631 


a)+(A) 


114 12 27. 14 


37.87 


9.9600263 


— 0.095 


0162 


(!) + «) 


1 40 57.39 


69.69 


8. 4677980 


+ 7. 170 


3209 



7. 4664712 3002 

+ 249.83 

(3) Equations of condition, 

= - 12.24 -(5) +(S) -(2) +(J) -(?) +(?) 

0=+ 12.40 -(I) +(S) -(3) +(5) -($) +(i) 
= - 12.66 ~(5) +(8) -(g) +(J) -(5) +(S) 

= - 19.08 -(J) +(J) ~(3) +(i) -({) +(?) 

= - 30.28 -(S) +(g) -(S) +(D -(» +(J) 

= - 36.22 -(i) +(|) -(I) +(J) -(f) +(?) 

= + 20.82 + 0.419(?) — 0.220(f) — 0.199(f) +0.439(5) —0.521(}) +0.082(1) 

— 1.291(g) + 0.941 (J) + 0.350(1) 

0=+203.38 + 7.168(f) + 0.002(f) — 7.170(1) +0. 221 (J) —0.659(|) +0.438(5) 

— 11.110(1) +10.633(5) + 0.477(5) 

= + 249.83+ 0.095(i)+ 0.819(5)— 0.914(*) —0.220(?) +7. 390(f) —7. 170(1) 

— 1.914(2) —11. 110 (i) +13.024(1) 
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(4) Correlatives, 



(i) 
(I) 
(2) 
it) 

(1) 
(!) 
(?) 
(t) 

(?) 
(J) 
(I) 
it) 

(S) 
(i) 
(1) 
(5) 

(5) 
(1) 
(!) 
(J) 



+1 
— 1 

— 1 
+1 



4-1 
— 1 



+1 
— 1 



+1 
— 1 



— 1 

+1 



+1 
— 1 



— 1 

+1 
+1 

— 1 



+1 
— 1 



— 1 
+1 



— 1 

+1 

+1 
— 1 



+1 
— 1 

— 1 

+1 



— 1 

+1 



4-1 
— 1 



— 1 
+1 



+ 0. 419 

— 0.220 

— 0.199 

+ 0.439 

— 0. 521 
+ 0.082 

— 1.291 
-f 0.941 
-f 0.350 



4- 7.168 
-f 0.002 
— 7. 170 



+ 0.221 
— 0.659 
4- 0.438 

—11. 110 
+10.633 
+ 0.477 



-f 0.095 
-I- 0.819 

— 0. 914 

— 0.220 
4-7.390 

— 7. 170 



— 1. 914 
—11. 110 
4-13.024 



Besnlttng cor- 
rections for 
directions. 

- 0.939 
-11.666 
4- 9.448 
-f 3. 157 

- 3.388 

- 3.520 
4-3.126 
-f 3.782 

4-3.800 
4- 8.097 

- 8.772 

- 3.125 

+ 5.235 
-10.877 
-f 1.829 
-{- 3. 813 

4- 6.766 
4-4.020 

- 9.760 

- 1.026 



(5) From these correlatives are formed the following normal equations : 

+ 8.000 



0= - 12.24 

0= + 12.40 

0=- 12.66-2.000 
19. 08 + 2. 000 
30. 28 - 2. 000 
3& 22 + 2. 000 
20.82 -2.850 



-2.000 +2.000 
+ 6.000+2.000+2.000 
+ 2.000+6.000+2. 000 
+ 2.000+2. 000 +6. 000 

- 2.000 +2.000 

. 2.000 +2.000 

- 0. 268 + L 201 - L 140 



-2.000 42.000 

-2.000 

+ 2.000 



-2.000 - 



= 

0=- 30.28-2.000- 2.000+2.000 + 6. 

0=- 3a22+2.000- 2.000 + 2. 000 + 2. 

0=+ 20.82-2.850- 0. 268+L 201 -L 140+1. 
0= 4-203.38 -0.219 +1L283 -0.039 -4.198 - 0. 
= + 249. 83 + 0. 316 + 13. 024 - 1. 000 - 3. 940 - 0. 



000 
000 
996 
659 
819 



+ 2.000 
+ 2.000 
+ 6.000 
-1.173 
-8.046 
-7.390 



-2.850 
a268 
+ 1. 291 
-L140 
+ L998 
-L173 
+ 3.409 
-1.600 
-L718 



- 0. 210 
+ 1L283 

- 0.a39 
= 4.108 

- 0.699 

- &046 

- L600 
+ 340.823 
+ 366.687 



+ 

4 



0.315 

13.024 

1.000 

- 3.940 

- 0. 819 

- 7.390 

- L718 
+ 366.687 
+ 404.305 



The solution of these equations is made by means of four-place loga- 
rithms. In order to obtain an equation corresponding to Ko. 8, No. 

9 is multipUed by ^^. This factor will be, for Ko. 7, ^^, and 

80 forth. These factors are easily obtained by subtracting log. 404.305 
from all logarithms of factors of equation No. 9. The value of the differ- 
ent correlatives will not quite satisfy the equations of condition, and 
therefore a second computation is made by introducing the new residuals 
in the normal equations. The following table contains the logarithmic 
eUmination, the first column giving the second computation : 

L2788 2.3976 9.4983 L1146 0.0000 0.5055 0.9133 0.8686 0.2350 2.5643 (2.6067) 



+17.24 
+19.00 
+36.24 



-226.570 
+203.380 
- 23.190 



-0.286 
-0.219 
-0.505 



-11.808 +0.907 +3.573 +0.743 +6.702 41.558 -332.585 
+1L283 -0.039 -4.198 -0.659 -8.046 -1.600 +340.823 
- 0.525 +0.868 -0.625 +0.084 -L344 -0.042 + ^238 



1.5502 L3653 9.7033 9.7202 9.9385 9.7959 8.9243 0.1284 8.6232 (0.9158) 



-0.08 
+ 8.00 
+ 7.92 
+ 0.18 
+ 8.10 



+ L061 
+ 20.820 
+ 21.881 
- 0.118 
+ 2L763 



+0.001 
-2.850 
-2.849 
-0.003 
-2.852 



0.055 
0.268 
0.213 
0.003 
0.216 



-0.004 
+L291 
+1.287 
+0.004 
+1.291 



-0. 017 
-1.140 
-1. 157 
-0.003 
-L160 



-0.003 
•(-L998 
+1.995 
+ 0.000 
+ L995 



-0.031 
-1.173 
-1.204 
-0.007 
-1. 211 



-0.007 
+3.409 
+ a402 
-0.000 
+3.402 



L558 
L600 
0.042 
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0.9085 L3377 0.4551 0.3345 0.1109 0.0645 0.3000 0.0831 (0.5318) 



+ 

+ 
+ 
+ 



0.35 
0.70 
0.35 
5.91 
6.26 
2.88 
9.14 



4.565 
36.220 
31.655 

3.783 
35.438 

7.745 
27.003 



•f 0.006 
+2.000 
+2.006 
—0.082 
+L924 
-1.015 
-f 0.909 



+ 



0.238 
2.000 
1.762 
0.086 
1.848 
0.077 
L925 



-0. 018 

-0. 018 
+0. 142 
+0.124 
+0.450 
+0.583 



-0.072 
+2.000 
+1.928 
-0.102 
+1.826 
-0. 413 
+L413 



-0. 015 
+2.000 
- -1.985 
- -0.014 
--L999 
- -0. 710 
+2.700 



-0.135 
+&000 
+5.865 
-0. 219 
+5.646 
-0.431 
+5.215 



0.9609 1.4424 9.9586 0.2345 0.7657 0.1501 0.4328 (0.7173) 



+ 
+ 



0.04 
0.70 
0.66 
0.37 
0.29 
4.75 
4.46 
4.75 
9.21 



+ 



+ 



+ 



0.506 
30.280 
29.774 

0.237 
29.537 
12. 761 
42.208 
14.385 
27. 913 



+0.001 
-2.000 
-1.090 
+0.005 
-1.994 
+L672 
-0.322 
-0. 472 
-0.794 



+ 



0.026 
2.000 
L974 
0.005 
1.969 
0.127 
1.842 
1.000 



-0.002 
+2.000 
+1.908 
-0.009 
+ 1.980 
-0.757 
+L232 
-0. 303 



-0.008 

-0.008 
+0.006 
-0.002 
+0.680 
+0. 678 
-0.734 



4-6: 
+5.' 



-0.002 
000 
998 
-0.006 
+5.997 
-1. 170 
+4.827 
-1. 407 



- 0.842 +0.929 -0.056 +3.420 



0.9643 1.4458 9.8998 9.9253 9.9680 8.7482 (0.5340) 



+ 
+ 



0.18 
0.70 
0.52 
2.75 
3.27 
2.76 
a 03 
2.48 
3.55 
0.15 
3.40 



+ 



2.434 

19.080 

16.646 

1.760 

ia406 

7.420 

10.086 

7.502 

3.484 

0.467 

3.941 



+0.003 
+2.000 
+2.003 
-0.038 
+1.965 
-0. 972 
+0.093 
-0.246 
+0. 747 
-0. 013 
+0. 734 



0.127 

2.000 

+ 2.127 

- 0.040 
+ 2.087 

- 0.074 
2.013 
0.522 
2.535 
0.014 

+ 2.521 



+ 
+ 



+ 



-0. 010 
+2.000 
- -1.990 
- -0.066 
--2. 0.56 
-0.440 
--2.496 
-0.158 
+2. 338 
+0.015 
+2.353 



-0.038 
+6.000 
4-5.962 
—0.047 
+5.915 
-0.396 
+5. 519 
-0.383 
+5.136 
-0.001 
+5.135 



0.5315 0.5950 9.8657 0.4016 0.8716 (0.7105) 



- 0.05 
+1&20 
+16.15 

- 3.82 
+ 12.33 

- 3.07 
+ 9.26 

- L02 
-- 8.24 
-- 2.50 
+10.74 
-1.56 
+ 9.18 



+ 



+ 



+ 



+ 



0.618 

12.660 

12.042 

2.443 

9.509 

a 256 

17. 8.55 

3.095 

14.760 

7.582 

7.178 

1.806 

5.372 



+0. 001 
-2.000 
-1.999 
+0.053 
-1.946 
+1.082 
-0.864 
-0. 102 
-0.966 
+0.216 
-0.750 
-0. 336 
—1.086 



+ 



+ 0.032 
+ 2. 000 
+ 2.032 
0. 055 
2.087 
+ 0.082 
+ 2.160 
+ 0. 215 
+ 2.384 
-h 0.229 
+ 2.813 
- 1.155 
+ L458 



-0. 

It 

-0. 
+5. 
-0. 

+5. 
-0. 

+5. 
-0. 
+5. 
-1. 
+4. 



002 
000 
998 
091 
907 
490 
417 
0G5 
352 
252 
100 
078 
022 



-0. 010 
--2. 000 
- -1.990 
- -0.066 
+2.056 
-0.440 
--2.496 
-0.158 
+2.338 
+0. 015 
+2.353 



0.9628 0.7302 0.0358 0.1638 (0.6044) 



+ 0.61 
+ 2.70 
+ 3.31 
+ 2.31 
+ 5.62 
-•- 0.51 
+ 6.13 
+ 3.37 
+ 9.50 
-2.27 
7.23 
1.67 
5.56 
3.33 
2.23 



+ 



+ 
j- 

+ 



+ 



8.043 

12. 400 
4.357 
1.478 
2.879 
1. 382 
4. 261 

10. 224 
5.063 
a 272 

12. 835 
1.935 

10.900 
1.948 
a 952 



-0. 010 



-0. 010 
-0.032 
-0. 042 
-0. 181 



t 



0.419 

a 000 



5.581 



- 0. 



+ 5. 



023 
548 
- 0. 014 
-0. 223 + 6. 534 
+ 0.336 - 0.711 
+ 0.113 + 4.823 
-0.195 - 0.207 
-0.082 + 4.616 
-0. 360 — 1. 238 
-0.442 + 3.378 
+0.394 - 0.529 
-0.048 +2.840 



+0.032 
--2. 000 
--2. 032 
- -0.055 
--2. 087 
- -0.082 
--2. 169 
-0.215 
--2.384 
+ 0.229 
--2. 613 
-1-155 
+1.458 



+0.127 
+2.000 
-f 2. 127 
-0.040 
+2.087 
-0. 074 
+ 2.013 
+0.522 
+2.535 
-0. 014 
+2. 521 



0.3488 0.9519 a 6812 (0.4546) 



+ 0.01 

- 4.80 

- 4.79 
+ 2.22 
-2.57 
+ 6.79 
+ 4.22 
-1.59 
+ 2.63 

- 2. 14 
+ 0.49 

- 0.49 
0.00 
2.48 
2.48 
0.04 
2.52 



+ 
+ 
+ 
+ 



0.195 

12.240 

12. 435 

1. 422 

13. a57 

ia239 

4.382 

4. 828 

9.210 

a 480 

2.730 

a 563 

293 

451 

842 

151 



3. 
1. 
1. 
0. 



+ 1.691 



-O.OOO 

+aooo 
+aooo 

-0. 031 
+5.969 
-2.300 
+3. 579 
-0.158 
+3. 421 
-0.184 
+3. 237 
—0. 105 
+ 3.132 
- 0. 293 
+2.839 
-0.001 
+2.838 



- 0.010 



0.010 
0.032 
0.042 
0.181 
0. 223 
0.336 
0.113 
0.195 
0. 082 
0.360 
0.442 
0.394 
0.048 



t 



+0.001 
-2.000 
-L999 
+0. 053 
-1.946 
+1. 082 
-0.864 
-0. 102 
-0.966 
+0.218 
-0.750 
-0. 336 
-L086 



+0.003 
+2.000 
+2.003 
-0.038 
+1.965 
-0.972 
+0.993 
-0. 246 
+0. 747 
-0. 013 
-fO-734 



-0.008 

-0.008 
+0.006 
-0.002 
+0.680 
+0.678 
-0. 734 
-0.056 



-0.002 
+2.000 
+1.998 
-0.609 
+1.989 
—0. 757 
4-1.232 
-0.303 
+0.929 



+0.026 
-2.000 
-1. 974 
+0.005 
-l.W» 
-H).127 
-1.842 
+1.000 
-0.842 



-fo.ooi 

—2.000 
-1.999 
-}-0.005 
-1.994 
+ 1.672 
-0. 322 
-0. 472 
-0.794 



-0. 015 
+2.000 
+1.985 
+0.014 
+ 1.999 
+0. 710 
4-2.709 



—0.072 
+2.000 
+ 1.928 
-0.102 
+ 1.826 
-0. 413 
+1. 413 



-0. 018 

-0. 018 
- -0.142 
- -0.124 
- -0. 459 
--0.583 



+0.238 
-2.000 
-1.762 
—0.086 
-1.848 
-0. 077 
-1.925 



006 
000 
006 
-0. 082 
+1. 924 
-1. 015 
+0.900 



-0.031 
-L173 
-1.204 
-0.007 
'1.211 



-0.003 
+1.998 
+1.995 
+0.000 
+L995 



-0. 017 
-1. 140 
-1. 157 
-0.003 
-L160 



-0.004 
+1.291 
+1.287 
+0.004 
+L291 



+0.055 
—0.268 
-0. 213 
-a 003 
—0.216 



+aooi 

-2.850 
-2.849 
-0.003 
-2.852 



+ a702 

- a046 

— L344 



+ 



a 743 
a 659 
a 084 



3.573 
4.198 
a 625 



+ a 907 

— a 030 

+ a868 



11. 808 

11.283 

a 525 



a 286 
a 219 
a 605 
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The different correlatives are : 

From first comp. 
ai=— 0.596 
fl« = -|- 3.133 
08 = 4- 0.07)1 
04 = — 0.719 
aft = -f 8.764 
06 = 4- 2.205 
a7=— 11.324 
ag=-t. 3.129 
09=— 3.553 



From second comp. 

— 0.0089 

— 0.0080 
—0.0223 
+ 0.0088 
-f 0. 0291 

— 0.0339 

— 0.0494 

— 0.0481 
-f 0. 0436 



The sum of these values introduced in the correlatives gives the result- 
ing corrections of the directions as given before. 

The computation of distances, after the final adjustment of figures, is 
but the solution of the triangles, and is always checked by dux)licate 
reduction from the common triangles to which any side may belong, 
plane angles being used. 

Example* 



If 



log. 2—3=5. 1069389 

1. 86 15 33. 41 a. c. 1. sin = 0. 00092H2 

2. 60 53 57. 78 1. sin = 9. 9413956 

3. 32 50 28. 81 1. sin = 9. 7342512 



// 



log. 4— 3 = 5.2260258 
1.97 53 4.34 a. c. 1. sin = 0. 0141250 
4. 41 14 58. 54 1. sin = 9. 8191098 
3. 40 51 57. 12 1. sin = 9. 8157706 



loir. 1 — 3=5.0492607 



lojr. 1—3 = 5.0492608 



Og. 1 — 6 = S}, U45«OU7 log. 1 — 3 = f). I 

*7 1 — 2 = 4. 8421 1<):3 *^ 1—4 = 5.0459216 

CroHS'Htffht stations. — ^To compute the position of a point observed from 
only two other points, the problem is reduced to the solution of a simple 
triangle, the two observed angles and included side being the known 
quantities. The third angle is obtained by difference from I8O0, the two 
remaining sides are then determined approximately, and the spherical 
excess (e) comput-ed. The operation is then repeated with the new angle. 
WTien the station is cross-sighted from three points, the problem becomes 
the simplest case of the more general problem already given, for adjust- 
ment of figure, and involves only one side equation. The sum of the 
two observed angles in each triangle, taken from 180^, gives the third 
approximately. The spherical excess {e) and the two unknown sides 
in each triangle are then computetl approximately. The side equation 
is solved, requiring only one correlative and giving one normal equation. 
The corrections to the angles thus obtained, introduced at the same 
time with the spherical excess (e), give the determination of distances 
to the required degree of accuracy. When the point is cross-sighted 
from more than three stations, all possible triangles should be formed, 
and the problem is similar to the general case already given. The 
" three-point" problem is solved by the formula given in " Lee's Tables 
and Formulae " (p. 87). The more general form of this problem is shown 
in "Coast Survey Report," 18G4 (p. 116). 

The computation of latitudes, longitudes, and azimuths is made by 
the formulae given in Appendix No. 36, " Coast Survey Report," 1860 
(p. 361). 

PBOGBESS MAP FOB 1878. 

The regions surveyed in 1877 appear on the progress sheet as a part 
of the colored areas, of which maps are published or in course of prep- 
aration. The total area surveyed and shown on the progress sheets in 
colors aggregates 332,516 square mUes. The main astronomical stations 
and areas proposed for occupation by the expedition of 1878 are also 
indicated. The season of 1877 consisting of all the working months at 
the altitudes visited, the entire area proposed for that year was occupied. 
By taking advantage of the lower altitudes to be reached by the parties 
at the close of the present season, although funds were only available 
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at a late period, the unnsually large area intended to be surveyed 
believed, may be completed. 

To the progress map, being but a skeleton sheet of the territory- 
of the Mississippi, there have been added the areas of the Indian j 
vations. the positions of signal-service stations, and the names and 
tions or abandoned military posts, showing the large number of j 
at which the Army has acted as a nucleus of support to the i>i 
settlements since the acquisition of this vast territory. As usiiit 
distances over which certain railroad and telegraph lines whicU 
been under construction have advanced are added, as well as a lii 
number of the more prominent settlements, and a few elevations. 

The time that could be spared by the oflScer in charge from ineroi 
office duties was employed, independent of the general supervisu 
the work after the organization of the Colorado, Utah, and Cali0 
sections of the sur\-ey, mainly at the Washoe rainuig district, an 
parts of Bear Kiver and adjacent basins in Northern Utah and Soiil 
Idaho. 

SURVEYS OF LAKE TAHOE AND WASHOE MINING REGIONS- 

The area of the Lake Tahoe region, over which a more detailed sa 
has been made, is bounded on the north by lieno, on the Central I*f 
Bailroad; on the south by the old overland stage road from Carson 
ley to PlacerviUe, Cal.; on the west by the headwaters of the Fori 
the American River; and extends eastward to a line crossing the Cm 
River at a point east of the Washoe mines. The scale selected is tli 
1 inch to 1 mile, by means of which the conjectural contours at veif 
distances of 200 feet are clearly shown. The greater jwrtion of thatj 
of the Central Pacific Railroad where it crosses the Sierra Nevada I 
eluded; the Virginia and Truckee Railroad entire; the Washoe mill 
milling, and timber region; as well as Lake Tahoe, lying partly inl 
fomia and partly in Nevada, five counties adjoining along this poi 
of the boundary; and a number of outlying lakes nestled anion j 
surrounding i)eaks of the Sierras. The size of the map is eqnivalt^ 
six regular atlas sheets of 19 by 24 inches. Independent of its hi 
a permanent topographical representation of an unique portion of. 
Sierra Nevada and adjacent industrial districts, it will serve also ad 
basis for the detailed land classification of the domain delineated, ai 
the geology of this most interesting portion of the mountain ridgd 
tween the California plains and the great interior basin to the i 
ward. Tlie detailed map of the Washoe mining region, constnicted i 
a scale of 1 inch to 500 feet, upon which contours of each 50 feet in el 
tion are shown, embraces an area limited ujwn the north by the mn 
of the Geiger Grade; on the wCvSt by a meridian line through Eiiij 
the most southwesterly mill locality; on the south by an east and 
line through the same point; and on the east by a north and south 
crossing the Carson River due east from the mouth of the Sutro Tin 
This scope of country shows the entire district within which mines 1 
been discovered and worked, and the location of all present mills 
The map, when reduced to a scale of 1 inch to 1^500 feet, upon whic 
is proposed that it be published, will be of the size of foiu* atlas sh 
19 by 24 inches. It can be used as a map for constructions upon 
surface when difterences in elevation between given datum points 
required. This map will be used as a basis upon which may he> she 
the geology and mineralogy of the region, and to which will be refer 
the vertical, horizontal, and longitudinal sections, showing the eu 
underground workings of the Comstock. This map and the meni 
accompanying it should form a permanent record of the advaucemeiii 
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^old and silver mining of ores in place at the date of issue ; and at the 
proper time the grouping of the results will be recommended as available 
material for an additional quarto volume with special atlas. 

The names of the chiefs of party, triangulation and sextant observers, 
and tox)ographical assistants engaged in procuring field data for the 
maps herewith mentioned, will be stated on the face of each. 

LAia)-CLASSIFIOATION MAPS. 

The division into classes of the lands is shown by colors upon several 
of the topographical atlas sheets. The limiting lines between the dif- 
ferent grades are, of necessity, arbitrary, and not governed by exact 
reference to well-estabUshed points, but tne percentages given are ap- 
proximately correct. But four principal divisions are shown by color, the 
subdivisions appearing in the description. The location of the precious 
and economic minerals, earths, &c., noted, is usually shown upon the un- 
derlying topographical sheet. 

The percentages of the various grades into which the land is classed 
will appear upon the face of each sheet. 

ROUTES OP COMMUNICATION. 

A few of the distances between terminal points of importance, taken 
from the road measurements of 1877, are given in the tables that follow. 
A discussion of the main routes, present and prospective, of the areas 
surveyed to date, with their profiles and approaches, will oe given in the 
introduction to the special publication on this subject. As circumstances 
permit, such distances along the shortest traveled routes between certain 
military iK>sts of the frontier are prepared and forwarded for the use of 
the Quartermaster and Pay Departments. 

LIST OF BOAB DISTANCES BETWEEN PROMINENT POINTS MEANDERED BY PARTY 

NO. 1, COLORADO SECTION, 1877. 

Gnimison to Ouray, Colo. 
Baguache to Gnunison Post Office, Colo. 
8agiiachc to Gnunison River, Colo. 
Saguache to Ouray Post Office, Colo. 

From Gunniaan to Ouray, via Chunniaon River and Los Pinoe Indian Agency — Atlas-aheeia 

Nob. 61 A and C. 



CTorains aont h 

CnMsmg north 

Last croeaing 

Lake Fork 

Blue Creek 

Cimarron Creek 

Loa Pinoa Indian Agency 

Hot Springs 

Ouray Poet Office 



DiBtance in milea. 







a 



I 



►^ 



4.0 
7.4 
7.6 

6.1 
1L5 

7.0 
16w6 

10.5 

8.8 



i 

§ 

I 



t 



9 



« 

I 



I!® 

- ® 
ST 






7,291 
7,258 

7,280 
8,4(12 
7,314 
6,400 

6,088 

7,772 



Remarks. 



of .White 



Earth 



At mouth 
Creek. 

Crossing. 
Do. 
Do. 

On lett bank of Uncompabgre 
River. 

On right bank of Uncompab- 
gre River. 

On Uncompabgre River at 
confluence of Cafiun Creek. 
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From Saguadte 1o GmmniMom Pott OfUx^—Atla^-^iketU Xim. 61 A, B, amd D, 



m 



> 



I I . 

is 



OM Agener ' 

White Earth Post Office t 

HotSpringii 

I 

Be«TfT Creek [ 

GannJjKm Post Office ■ 



E 






44.8 9,088 LAheCitvRoML 

18-3 • 8,163 White £wth Cn>ek. 

3.1 BomI forkfl to Vftnmm'ft Po«t 

! Office. 

1&7 1 7,635 CromiBi;. 

a 5 , 7,439 Tallfy of the GoniuMm and 

I TomirliL 



From Saguache to GunnUon River, — Atla8-$keet9 yos. 61 A, B, amd D, 



Distance in miles. 



H 

eft 
& c 



Old Agency , 44.8 

White Earth Post Office • 18.3 

LakeFork crossing 11.0 

Blue Creek crossing ' 14.7 

Cimarron Cri'^k crossing ' 10. 4 

Jolmson's Ford 19.2 

Gnnniion River 26.5 



& 

I 



J 

C a, 
C > 



I 



a 



9.088 

8,163 
7,821 
8,462 
6,851 
5,702 

4,920 



Tt^mai^i^ 



Tia Lake City and Sagaoche 
Boad. 
Do. 
Crossing road. 
Do. 
Do. 
Crossing of Unoompahgre 

River. 
Along left bank of Unoom- 
pahgre River. 



From Saguache to Ouray Poet Office, — Atlae^heete Nos, 61 A, B, C, and Z>. 



Old Agency 

White Earth Post Office 
Yamnni's Post Office . . . 

Lake Fork crossing 

Lake City 

Cottonwood Jonction . . . 

Animas Fork 

Ouray Post Office 



Distance in miles. 



1 



^ 9 



44.8 
18.3 
9.6 
4.3 
17.0 
1&2 
12.3 
12.0 






I I § 

B 



S 

s 

o 

g 



I 

^^ 

9 

Si 

a 

■♦a 

^^ 



9,088 
8,163 
7,090 
7,959 
8.753 



11, 181 
7,772 



Remarks. 



Lake City road. 
White Earth Creek. 
On Indian CrfH>k. 
Along left bank of. 
Lake Fork. 
Following Lake Fork. 
Via Tellurium. 
Via Poughkeepsie Gulch. 
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LIST OF BOAB DISTAIirCES BETWEEN PROMINENT POINTS MEANDERED BY PARTY 

NO. 2, COLORADO SECTION, 1877. 

Santa T6 to Fort Stanton, N. Mex. 

Punta del A^na to Fort Stanton. 

Annaya Spring to Fort Stanton. 

Annaya Spring to Fort Stanton, via Mai Pais Spring. 

Antelope Spring to Socorro. 

Albaqnerqne to Socorro, via east bank of Rio Grande. 

Manzano to Pedemal Spring, via Ojo Chico. 

Pedemal Spring to Tejique. 

From Santa F4 to Fort Stanton, N, Mex.—Atlaa-aheets Xos. 69 /), 77 jB, D, and 84 B. 



Santa F6. 



Antelope Spring 

Tanques de las Animaa 



PO8O0 del Pino . 

Gallinaa Ranch 

Winter Ranch . 
Pato Spring — 



Pnercito 

Fort Stanton. 



Distance in miles. 



I 



i 

3 



9.9 



a 
9. ® 
z > 



S 



61.60 
28.05 

16.37 

19.78 

20.23 
10.00 

13.84 

8.26 



89.65 

106.02 

125.80 

146.03 
156.03 

169.87 

178. 13 



a 



P^3 



g 



178.13 

116.53 

88.48 

72.11 

52.33 

32.10 
22.10 

a26 



e 
> 

I 

It 

O I 

« 2 

B 



Remarks. 



7,044, 

6,221 
6,404 

6,168 

6^912 

6.682 
6,290 

6^847 

6,151 



Headquarters district New 
Mexico. 

Government agency. 

Water, except in very dry 
ireather. 

Alkaline wells ; government 
agency. 

W(Md and grass plenty ; wa- 
ter in barrels. 
Do. 

Wood, water, and grass ; gov- 
ernment agency. 

Water, in wet seasons, in 
holes. 

Ponr-company post. 



From Punta del Agua to Fart Stanton, N, Mex, — Atlas-sheets Xos, 77 D and 84 B, 



Ponta del Agna. 
Jjfm Agnizes . . 



Gallinas Waterhole 
Cxallinas Spring 



Winter Ranch 
Fort Stanton. . 



Distance in miles. 



i 






14.00 

16.44 
9.16 

27.40 

32.10 



s 



^ 



30.44 
39.60 

67.00 

99.10 



I 

CO 

Id 

a 



99.10 

85.10 

6&66 
59.50 

82.10 



^ 
i 



I 



> 

.SI 






6,599 

6,524 

6,392 
7,636 

6,582 

6,151 



Remarks. 



Mexican town; government 
agency. 

Water on east of road, exc«pt 
dry season. 

Usnally water near road. 

Spring half mile east of road, 
high on slope. 

Government agency ; tempo- 
rary water. 

Four-company jwst 
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Bvm Jnnafa Spring to Fort Statilon, K. Hex.—Atliu-ditelt Ko». 84 A and B. 





Dlalu«tnn>il«L 


1 






ii 


if 


1 

lj 

1 


«■"*' 


A Smini 




1DS.I1 
S4.W 
TOM 

SSkW 

Ift.W 

13.18 

«.T0 


4.717 
S.STI 
S,38S 

4, MM 

t,3X 

4,763 

8,642 

(.321 
(.151 


PoorwBtCT; blrgnuins; no 
'Waler-bole at point of hill, 

Zittptlnirymtoa. 
Poor water i poor gniing; 
DO wood. 

Good wood. wat«r. and gmm. 
Ranch, wood, water, ud 


Ft tUirtdea 


. 
18.« 
S.IKI 
2.W 

is.m 

2Z.W 

1B.« 
CIS 

tro 


an 

M.O0 
«.CI2 

S9.«8 

83.n 
M>.W 

»a.s7 














a..-. 




MilttUTpot 





Jron .dnnaya Spring to Fort Stanton, via Mai Pai» Spring. — Alla»-theel* So*. M A and I 



Diilanor in aile*. 



AmtfjB Splint 

Oppoalta Dripping Spring. .. 
Hal PaU Spring 

DowIin'aMiU 

Copeland'a 

FortStuum 

Boad gemiraUj' good. 



Poor water ; fair gnjdng ; no 

Spring I mile aonth of TomA ; 

Largi> Bpfiiig; bad wat«r; no 

MKiIran town ; garerotnent 

lodiaa agency on Tnluvan 

Government aj^enoy; wood; 
wa^.graai 

Poor-oompany milltoty post. 
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Fnm Antelope 8itri«f to Sooorro, N. Max.— 


JHoMftwf Na. 77 D. 




DUlaoce In mllei. 


1 

It 
|1 






Is 


/ 


1 


Keniirlu. 


nttlopeS rid 






»87 

M.V7 

02. M 

U.4S 

24.58 
8.M 


8,221 

•,m 

8.240 

n 


McAfeo'i gorenuneDt kgni- 
Fitie aprlugi nnchi goad 


ErfsiHd. 


ia.41 
lioo 

4111 


SS.Bg 

as! 37 












Wilcr In iwoIb mnth of ntwi. 
AlkRline irntwi poor gls»; 












Grande. 



From ^IbaqMrque to Socorro, 1 







„-,-,„, 




1 

1 






1 


1 

i 


1 


--'■ 








88.11 

B0!7S 
65.48 
48.77 

33178 
23.48 

8.ev 


4,818 

!:S 

iii 


a^^ssa.. 




8.28 

7.78 

7. OS 
5.8» 


""2a.'M' 

37.63 

33.34 

49; 3S 
69.82 

78. W 















































froM Jfa>M«o to Fedemal Spring, N. Hoi., 



I OJo ChiiM.~Atlai-iiheebi Xok. 77 H and D. 





Diilanrelnn 


,1™. 


= 4 

< 

8,981 

is 

7,140 






1* 


3 
1 
1 


54,72 
3U.73 


R,'Riiir1». 






Mpikiin town, eoTenunoit 




8.44 


Sjt. IM 






^^X„ 


SninlTonrini: nonth nf mid. 
Wat-T-ligkB; (ioli».'l<inesdiT- 






^i»T:iv&^!'''^'^ 
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Fi-OM Pedtn-Kal Spring to I^'igiK, X Mtt.—Atlat^i^«U JV'm. 77 D and 78 A. 



m^Unce In mile*. 



Spring Bancb i gnat, bui 



Corinne to Lognii, UtAb. 

BrighniD to Hampton's Bridge, Ulnh. 

FTHiikliii, Idabo, to raradisf, Utah. 

Logan to JackwiD's Mills, Utah. 

Frankljii to Soda SpringH, Idaho, via Three ForiU of Bear River — smnmer route. 

liYankliu to Soda Springs, Idaho, via Ten-Mile Ford. 

Franklin to Soda Spriugs, Idaho, via Packer's Bridge, Burt«n, and Ten MUo Fonl. 

Franklin to Soda Springa, Idaho, via Packer's Bridge. 

I''ratiklin to Fort Boll, Idaho. 

Franklin, Idaho, to Laketowu, Utah. 

Soda Springs to Liberty, Idaho. 

Soda tipriiigs to Cariboo, Idaho. 

Ross Fork ludinn Agency to Muntpelier, Idaho, via Oneida and Mormon Salt Works. 

Corinne to Harkncxs Station, viu Montana Freight rood. 

Corrinne, Utah, to Clifton, I<laho. 

Corinne, Utah, to Malade, Idaho, via Samaria. 

From Corinne, Utah, U> Logan. — Atlaa-t}Mtt No. 41 B. 



ItanUhtottn 

Fnrksufniailnbovel 
Hunptniraltriaini.. 
HunptiiD'sKtiitkiD.. 
BHtl^ orer Lugui B 



From Ilrigham to Mamptoa'a Bridge. — Allal■^k«et X . 



ft4-.KI 
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From Frankliny Idaho, to Paradise, Utah, — Atlas-sheet No, 41 B, 



Franklin, Idaho. 



Richmond, Utah . 
Smithfield, Utah . 
Hyde Park, Utah 

Logan, Utah 

Mvndon. Utah 

WeUsTille, Utah . 
Paradiae, Utah 



Distance in milea. 






iS 



6.830 
5.606 
3.065 
&015 
9.667 
6.450 
9.060 



.9 

M 

a 



6.830 
12. 526 
15. 591 
20.606 
30.278 
35.723 
45.383 



i 



20.606 

13.776 
8.080 
5.015 
0.0 
9.667 
15. 117 
24. 777 



o 






c 





< 



4,58&4 



4,655. 
4,623. 
4, 411. 
4,533. 
4.553. 
4,600 
4,862. 



Remarks. 



Altitude refers to Webster's 
shop. 



Loeim 

Paradise 

Jackson's Mills 



From Logan to JacJcsoiCs Mills. — Atlas-sh^et No, 41 B, 



17.7 
4.520 



, 4, 533. 1 
4. 862. 1 
5, 150. 



Direct road. 



From Dranklin to Soda Springs, Idaho, via Three Fords, Bear Biver (summer route), — 

Atlas-sheets Nos, 32 D and 41 B, 



Franklin, Idaho 

Bobbin's Ford, Bear River. 

Barton's Ford, Bear River. 
Ten-mile Ford, Bear River. 

Morristown 

Soda Springs 



Distance in miles. 



4, S 
♦a 



& 



11.056 

25.916 
9.900 
9.000 
1.700 









11.956 

37.872 
47. 772 
56.772 
58.472 



CS 



I 



58.472 
46. 516 

20.600 

10.700 

L700 



I 






4,585.4 
4, 620. 7 

4, oia 5 

5. 514. 4 
5, 716. 4 
5, 77& 3 



Remarks. 



First ford above Packer's 

bridge. 
Good camping. 



Water and grass abundant; 
wood scarce. 



From Franklin to Soda Springs, via Ten-mile Ford. — Atlas-sheets Nos, 32 D and 41 B, 



Frsnklin, Idaho 

Mink Creek Bridge 

Ten-mile Ford, Bear River. 

Morrifltown 

Soda Springs 



20. 570 20. 570 

26.424 46.904 

9. 00 55. 904 

1. 700 57. 604 



57.604 

37. 124 

10.700 

1.700 



4,585.4 
5. 022. 

6, 514. 41 
5, 716. 4| 
5, 77a 31 



From Franklin to Soda Springs, via Packer's Bridge, Burton, and Ten-mile Ford. — Atlas- 
sheets Nos, 32 D and 41 B, 



Franklin. Idaho 

Packer's Bridge, Bear River t 10. 937 



Burton's Ford, Bear River. 
Ten-mile Ford, Bear River. 

Morristown 

Hoda Springs 



31.790 
9.900 
9.00 
1.70 



10.937 
42.727 
52.627 
61.627 
63.327 



63.327 
52.390 
20.60 
10.70 
1.70 



4,585.4 
4,486.4 
4, 916. 5 
5, 514. 4 
5, 716. 4 
5,778.3 
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From FrankUn to Soda Springfi, Idaho^ ma Packer's Bridge.— Atlas-sheets Xos. 32 D and 41 B. 



FnmkUn, Idaho 

Packer'!) Bridee 

Burtou'o Forrf 

Forkaof rood, near Salphur 8prlxigs. 

MorrifttoMm 

Soda Springs 



Diatanoe in milea. 







10.037 
3L790 

asoo 

14.00 
L700 



10.937 
42.727 
51.227 
65.227 
6&927 



68.027 
55.00 
24.20 
15.70 
1.70 



I 

« 





4,58&4 

4.4«a4 
4, 01& 5 
6,475l2 
5. 71& 4 
5,778.3 



Bamarki. 



Grass poor: wood scarce. 
Grass, wood, and wak«'r. 
Wood and water scarce. 



From Franklin to Fort Hall, Idaho.— Atlas-sheets Nos. 32 D and 41 B. 



Distance in milea. 



Franklin, Idaho 

Packer's Bridge, Idaho 

Clifton, Idaho 

Oxford, Idaho 

Elkhom Mail Station 

Junction Montana freight-road 

Junction Soda Springs road 

Harkness Toll-gate 

Black Rock Stage Station 

Pokatillo Stafe Station 

Ross Fork Indian Agency 

Warren's Junotion 

Fort Hall 




10.037 

6.680 

5.000 

20.236 

8.500 

2.00 

6.874 

11.773 

10. 050 

12.651 

0.570 

11.030 



Ross Fork Indian Agency ' i^ nwi 

Fort Hall .....: ^^'^ 



10.937 
17. 617 
23.526 
43.762 
47. 262 
40.262 
56.186 
67.000 
77.050 
90.610 
100.180 
112. 110 

90.610 
107.660 



107.660 
97.723 
00.043 
84.134 
63.898 
60.398 
58.398 
51. !>U 
39.751 
29.701 
17.050 
11.030 



17.050 



I 



9 



4,585.4 

4.486.4 

4,026 

4.866 

4,096 

4.793 

4,700 

4,802 

4.589 

4,620 

4,544.7 



4,752.1 

4. 544. 7 
4, 752. 1 



Remarks. 



Adjutant's office. 
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From Franklinj Idaho, to LaketowUy Utah, — AtlassheeU Nb9, 32 D and 41 B, 



Difttonca in miles. 



h 



a 
a 

M 

I 



Fnmkliiu Idaho 

Bridge over Mink Creek 



JoucUon Liberty Road 

Liberty. Idaho 

PariN, Idaho 

Bloomin^n, Idaho 

Saint Charles, I«laho 

Fi«h Ha%'en, Idaho 

Utah and Idaho bonn<hiry line 

Croaainc Swan Creek, Utah 

Pl«>a«aait Vallev Post Office, Utah . 
Laketoirn, Utah 



lulfn Cafion, Utah 

North I£den Cafion, Idaho 

ludian Crpek, Idaho 

Rridse overontlet to Bear Lake, Idaho 
Saint Charies, Idaho 



20.570 

3.924 
ie.250 
7.270 
2.011 
4.000 
5.450 
2.837 
L027 
5.300 
&735 

7.671 

4.538 

7.00 

5.020 

2.813 



20.570 

24.404 
40.744 
4a 023 
50.034 
55.234 
00.084 
63.521 
64.548 
00.848 
78.583 



7.671 
12.209 
19.209 
24.238 
27.051 



78.583 
68.013 

54.080 
37.839 
30.560 
27.949 
23.349 
17.899 
15.062 
14.035 
8.735 



I 

II 

■§* 
I 



Bcmarks. 



4,585.4 
5,022.6 

5.0S7 I 
6,104.7' 



On Soda Springs road ; grasa, 

wood, and water. 
Grass and water; no wood. 



6.018 


6,076.3 


6. 057. 4 


5,963 


6,00L2 


5,979 


6,064 


5,993 
1 



5,990 ! 
5,050 I 
6, 057. 4, 



Waters grass; wood scarce. 
Bo. 
Do. 



From Soda Springs to Liberty, Idaho, — Atlas-sheets Xos, 32 D and 41 B, 



S'ida Springs, Idaho. . 
(reonretown, Idaho 
Bt^nnington. Idaho. 
Muntpelier Idaho . . 

Ovid, Idaho 

Lib«»rty, Idaho 



Distance in miles. 



18.872 
7.077 
4.316 
9.280 
3.50 



18.872 
25.940 
30.265 
39.545 
43.045 



g 



30.265 

11.393 

4.316 



9.280 
12.780 



9 

I 






a 



5, 778. 3 

6,019 ; 

6,132 I 
5, 935. 9 
6, 022. 2' 
6,104.7 



Remarks. 



f)rom Soda Springs to Cariboo Post-Office, — Atlas-sheets Am. 32 D and 41 B, 



ii^oda Springs 

Lanoers Crossing . . 

Kfenan Citr 

Cariboo Post Office. 



Soda Springs to Fort Hall, Idaho. 
Soda Springs to Ross Fork A 



Soda Springs to Harkness To 



gency.. 
m-gate 



Distance in miles. 



« 



I? 



56.11 

SO.ft'W 
38.574 



& 



a 
I 



27.524 I 27.524 

18.970 46.404 

8.00 > 54.494 



o 
o 

m 



54.404 

26.970 

5.000 



> 



cB 



9 





5,778.3 

6,330 

0,641 



5, 77a 3 

4,544.7 
4,802 



Remarks. 



and 



Via Ten Mile Springs 
Warm Springs. 
Do. 
Through Port Nenf CaBon. 
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From Bom Fork Indian Agency, to Montpelier, via Oneida and Mormon Salt Works, and 

Old Lander Boad.—Atlaa-sheets Nos. 32 D and 41 B, 



Distance in miles. 



Boss Fork Indian Agency 



Warm Spring 24.400 

Crossinft Blackfoot River | 18. 000 

Junction Taylor's Bridge road 9. 250 

Lander's Crossing 3. 000 

Lane's Fork, crossing 14. 750 



24.400 
42. 400 
51. 650 
.54.050 
68.400 



Oneida Salt Wofks. . 
Mormon Salt Works 
Montpelier 



16. 000 85. 400 
25.220 110.620 
24.200 134.820 



134.820 

110. 420 
92. 420 
83.170 
80.170 
65.400 

49. 420 
24.200 



« 
> 

I 

s 



4,544.7 

5.790 
6,000 
6.310 
6,330 
6,635.4 

6, 341. 2 
6, 597. 5| 
5, 935. 9| 



Semarks. 



Water good ; wood and gm^ 

scarce. 
Water and grass. 
Goo<I camping. 
Grass and water, no irood. 
Bad camping. 
Grood grass and water; vood 

scarce. 
Poor camping. 
Good camping. 
Good camping near. 



From Corinne, Utah, to Harkness Station, via Montana freight-road, — Atlas-sheets Xos. 32 D 

and 41 B, 



Corinne (railroad track at depot) 

Danisht^wn 

Porks of road near Hampton's Bridge 

PhTnouth 

Olcl Portage 

Henderson Creek 

Cherry Creek 

Willow Spring 

Ikfalade Post Office , 

Junction 



Harkness Station 



Distance in miles. 



5 • 
A 



& 



5.409 
12.659 
6.000 
a 252 
6.250 
2.600 
2.098 
4.571 
27.253 

8.874 



05 



o 
B 



S 

Of 

I- 

3 

a" 



I 



5.400 
1&068 
24.068 
32. 320 
38. 570 
41. 170 
4a 268 
47.839 
75.082 

83.956 



83. 956 
78. 557 
65. 898 
59.898 
51.646 
4.'>.396 
42.796 
40.608 
36.127 
&874 












I 



4,233 

4,400 
4,400 
4,666 
4,696 
4,762 
4.653 
4,650 
4.663 
4.793 

4,802 



Remarks. 



Jnnction of road with Fmnt- 
lin stage-route to Montass- 



From Corinne, Utah, to Clifton, ldah<f,— Atlas-sheet Xo, 41 B. 



Distance in miles. 



d 

II 



& 



Coriime j 

Danishtown I 5.409 

Fork of road above Hampton Bridge 12. 659 

Cla rkston , 10. .500 

Weston 10. 623 

Five-mile settlement , 5. 500 

Clifton i 5.500 

Weston to Malade, along Weston 25.469 
Creek. ! 



B 



a 

i 

•A 

a 



; 50.191 

5. 400 i 44. 782 



18.068 
28.568 
39, 191 
44.691 
50.191 



32.123 
21. 623 
11.00 
5.600 



I 

it 

9 

d-T 



5 



4,233 

4.400 

4,400 

4,853 

5. Oil. 1 

4.890 

4,926.3 



Remarks. 
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Frcm Carinne to Malade Cittfy via Samaria, — Ailaasheet Xo, 41 B, 



Corinne 

Point Lookoat . 
Toponce Banch 

Portajeo 

Samaria 

Malade 



Bifltanoe in miles. 



la 

9. ® 



13.264 

&000 

12.450 

12.766 

8.545 



6 

9 
•c 

o 
g 



13.264 
21.264 
33.714 
46.480 
55.025 



55.025 
41. 761 
33.761 
2L311 
&545 



I 

z » 

1 



4,283 

4,564 

6,07L6 

4,700 

4.560.5 

4,663 



Remarks. 



LLST OF KOAD DISTANCE^ BETWEEN PROMINENT POINTS MEANDERED BY PARTY 

NO. 2, UTAH SECTION, 1877. 

Malade to Ross Forks, Idaho, via Bannock Creek. 

Malade Sprinj^ to Cache Creek, Idaho, via Sublett road. 

Malade to Twin Springs, Idaho. 

Malade to Hansel Spring, Idaho. 

Corinne to Cache Creek, via Black Pine Pass, Utah. 

Ogden to Corinne, Utah. 

Corinne to Kelton, Utah. 

Kelton, Utah, to Birch Creek, Idaho. 

Kelton, Utah, to Rico Ferry, Idaho. 

Ko98 Fork to Rice Ferry, Idaho. 

From Malade to Ross ForhSf Idaho, via Bannock Creek, — Attas-sheets Nos, 32 C and 41 

A and B, 



MaUde 

Elkhoni 

Sablettroad 

Malade Spring 

Saminit 

TapoDce Ranch . . . 
Rattlesnake Creek 
Indian Village.... 
To Emigrant road. 

Forks o? road 

Indian Village 

Port Neuf Ford. . . 
Rom Fork 



Distance in miles. 



s 

1.3 

5:0 



s 



10.50 

7.30 

.28 

5.14 

a33 

ie.25 

14.45 

6.19 

2.19 

3.08 

4.90 

7.36 



16^ 



17.80 
1&08 
23.22 
29.55 
45.80 
60.25 



•2 
5 



o 

EH 



77.78 
67.28 
59.98 
59.70 
54.56 
48.23 
31.98 
17.53 



62.44 


15.34 


65.52 


12.26 


70.42 


7.36 


77.78 








•S3 ^ 






4,663.1 
4, 949. 9 
5, 149. 9 
5, 149. 9 
6, 461. 4 
5, 071. 5 
4, 778. 5 
4, 476. 8 
4. 314. 9, 
4, 383. 6 




Remarks. 



Post Office. 

Water and grass. 

At LitUe Malade River. 

Head of Little Malade. 

Malado Range. 

On Bannock Creek. 

Water and gas. 

On Bfdinock Creek. 

AtcrossingofBannockCreek. 

Leave Bannock Creek. 

On Monsiem Ci-eek. 

Water and grass. 

Post Office. 



This road to forks of n>ad near Indian Village was former stage-road to old Fort TTniy 
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From Malade Spring to Cocke Creek, via SuhleU road, Idaho.— AUae-ekeeU Xae. 32 C 

and 41 A. 



Malade Spring. 



Sammit 

Twin Springs 

Pine Spring 

Head Sublett Creek. 

Sublett 

Sweet«er'H 

Cache Creek 



Diotance in miles. 



7.75 

15.96 

10.09 

5.16 

7.37 

12,80 

&81 



o 



e 



23.71 
33.80 
3&96 
46.33 
59.13 
64.94 



64.94 

67.19 
41.23 
3L14 
25u96 
1&61 
5.81 



I 



S 

5S 



5,14919 

6,557.7 
5.207.5 
6,177.7 
5.469.0 
5,155.1 
4,509.3 
4,722.8 



Bemarka. 



Snblett road oromes neu 

head of Little Malade. 
Malade Range. 
Near head I^khead Creek. 
SaUett Monntaina. 



Settlement 
On Baft ^ver. 
Also on Boia6 
freight road. 



and Eeltan 



From Cache Creek the old emigrant road throiighCity of Bocks is no longer used. 



From Malade to Twin Springs, Idaho. — AtUusheets Xo8. 32 C and 41 A and B. 



Malade 

Big Malade bridge . . . 

Forks of road 

Forks of road 

Summit 

Spring 

Iiead of Deep Creek. 

Twin Springs 

Forks or roaid 

Co-operative Banch. . 

Lee's Banch 

Crossing Deep Creek . 

Curlew 

Kelton 



Distance In mOea. 



5l40 
.75 
2.85 
4.07 
3.12 
2.43 
6.92 
5.15 
8.75 
6.32 
6.39 
a77 
20.80 



6.15 
9.00 
13.07 
16.19 
23.77 
29.69 
21.34 
25.09 
31.41 
36.80 
45.57 
66.37 



o 



29.69 
24.29 
23.54 
20.69 
1&62 
13.50. 
5.92 



&35 
41.28 
34.96 
29.67 
20.80 






a 






4,659.1 



5.823.1 
5,33L5 
4, 781. 1 
5,207.5 



4,867.0 
4, 71& 3 
4,502.1 
4, 39a 7 
4,222.2 



Bemarks. 



Post-oflSce. 

On road to Samaria^ 

To Samaria. 

To Poootalla Valley. 

Malade Bange. 

Water and grass : no wood. 

Water, grass, and sage-bm^h. 

On Sublett road. 

To Curlew. 

Water and grass. 

Do. 
Settlement. 

Water and grass ; settlement. 
Post-office, on Central Pacifi<^ 
Bailroad. 



This branch is the route traveled between Malade and Curlew, and is also the best route from Mahide 
to Kelton. 
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From Malade to Hanael Spring ^ Idaho. — AtJas-^htete No9, 32 C and 41 A and B, 



Distanoe In miles. 



Malade 

Bifc Malade bridge. 

Forks of road 

Pocotalla Valley. . . 

Foofcof hUl 

CorinDe road 



a ■*■* 



Hansel Spring 



5.40 
.75 
6.23 
&29 
9.49 

2.41 



e.15 
11.38 
17.67 
27.16 

29.57 



d 

gOQ 



29.57 
24.17 
23.42 
18.19 
11.90 
2.41 



« 



e 

I 



4,663.1 



Remarks. 



Post-offloe, at bridge. 

On road to Samaria. 

To Samaria. 

E<lge of: 

Across valley. 

Between Hansel Spring and 

Blue Creek. 
6,043.5] On road from Corinne to 

Curlew. 



5. 161. 8 

5. 132. 9 
5,165.3 



Between these last two points (75 miles from Hansel) a road branches to Salt Springs, distance 12.75 
milra, passing two springs along the east base of the Hansel Moontaius, within 3 miles of Hans^ 
SprintjK. 



From Corinne to Cocke Creek, Utdhf via Black Pine Pass, — Atlas-aheet No, 41 A and B, 



Corinne 

Forks of road 

Head of Salt Creek. 



To Sweetwater Spring. 
Head of Bine Creek — 
Forks of road 



Blind Spring 

Head of Blue Creek. 



Sommit 

Forka of road 



Hansel Spring 
Forka of road. 



I>e«p Creek 

To Pilot Spring.. 
Emigrant Spring. 



Cnrlew 

ElAck Pine Banch 



Summit .......... 

Sablett Creek 

Sweetaer's Kanch. 
Cache Creek 



Distance in miles. 






9.67 
4.00 

&68 

6.66 

2.26 

3.67 
10.00 

6u48 
3.20 

2.44 

1.25 

6.07 

1L83 

&48 

4.16 

15.99 

2.60 

&50 

12.80 

6k81 



o 



13.67 

24.61 

31.17 

15.93 

19.60 
29.60 

36l08 
39.28 

4L72 

42.97 



48.04 
64.03 
69.46 

52.20 

6a 19 

70.69 
79.19 
9L99 
97.80 



I 

o 

1 

g 



97.80 
87.13 
83.13 



80.87 

77.20 
67.20 

60.72 
57.52 

65.08 

54.83 

49.76 



46.60 

29.61 

27.11 

1&61 

5l81 



I 



r 



ST 






Kemarks. 



4,233 

4, 34& 6 
4, 359. 4; 

5,031 

4.67ai 

4,476.2 



4.67&1 

5, 137. 9 

5. 165. 3 

6, 04a 5 
5,040.1 

4,000.3 

4,704 

6,270.6 

4, 89a 7 

6. 114. 4 

5,5Sa7 
5,155.1 
4,509.3 
4.722.8 



To Portage and Samaria. 
Poor water; little grazing; 

no wood. 
Ranch ; good water, and graz- 
ing. 
Poor water ; grazAg, bnt no 

wood. 
To head of Blue Creek via 

Sweetwater Spring. 
Little water ; good grazing. 
Poor water; grazing, but no 

wood. 
Promontory Range. 
To Pocotafla VaUey and Sa> 

maria. 
Good water; grazing, and 

wood. 
To Pow's Ranch, 2.73 miles. 

and Keith's Ranch, .66 mile 

fhrther. 
Good water; no wood. 
Water and grazing; no wood. 
On Boise City and Koltou 

Road. 
Settlement. Road forks to 

Emigrant Spring. 
Good water; gxizing, and 

wood. 
Black Pbie Pass. 
Settlement 
Raft River. 
Settlement 



5 WH 
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From Ogden to Carinne, Utah. — AtlaB-aheeta Naa, 41 B and D. 



Ogden 



Ogden River Bridge 

North Ogden 

Big Spring 

Wniard 

North WiUard 

Brigham 



Bear River Bridge 
Corinne 



Distance In miles. 



I 



453 



O 
g 



0.90 
6.05 
4.83 
4.50 
1.41 
6l16 

6.29 
.25 



5.95 
10.78 
15.28 
16.69 
22.85 

29.14 
29.39 



« 





e 
B 



29.39 

28.49 
23.44 
18.61 
14.11 
12.70 
6.54 

.25 









^ 



Remarks. 



Intersection Fifth and Mikin 
streeta. 

Poet-offlcCb 



4. 310. 6 

4, 267. 1 

4.509 

4. 316. 9 

4.287.6; Po8tK>ffioe. 

4. 275. 7 Settlement. 
4.475.6 Conrt-hoaae, 

County. 
4, 197. 4! 
4,233 , Post-office. 



Box Elder 



' Two miles firom Ogden River Bridge a more direct n)nt« leaver this, with North Ogden to the right, 
and Joins this route again a little shon of Big Spring, shoriening the distance about one mile. 

Grade and road-bed good, following along the east side of Utah'Northem and Central Pacific Railroads, 
crossing the first at Brigham and the latter Just before crossing Bear River. 



From Corinne to Kelton, Utah, — Jtla»-8heet8 Nob, 41 A and B, 



Distance in miles. 



I* 



pS 



Corinne 

Tibbal's Ranch 

To head of Salt Creek 

Point Lookout road 1 IL 07 

Spring 77 



3.20 
10.71 



o 



To railroad crossing 



Blue Creek Crossing. 

Skeen's Ranch 

Railroad crossing 

To Cedar Spring 



To Salt Springs 

Forks of road 

Summit Promontory Range 



Cedar Spring load 
Salt Springs 



Monument Point. 



Locomotive S])ring 
Railroad-crossing . . 
Kelton 



4.94 
2.81 
2.73 
5.25 

8.58 

.82 

4.75 

5.88 
.90 

11.18 

4.75 
3.45 
7.06 



24.98 
14.27 
15.04 
23.93 

19.98 
22.79 



25. 52 
31.59 


40.17 
26.34 
31.09 


36.47 
37.37 


48.55 


53.30 
66.75 
63.81 



I 

OP 

I 



63.81 
60.61 



49.54 

48.77 



43.83 
41.02 
38.29 



37.47 
32.72 

27.34 
26.44 

15.26 

10.51 
7.06 



I 



S 4> 

9 i 

'9 

B 



4, 233. 
4, 204. 1 
4, 359. 4 
4, 210. 
4, 173. 1 



4.134.7 
4.266.2 
4,867.2 
4, 84a 3 

4, 203. 2 
4, 867. 2 
5,337.4 

4, 199. 5 
4. 203. 2 

4,206.2 

4,182.8 
4,163.4 
4,222.2 



Remarks. 



Post-office. 

On road, Corinne to Curlew. 

Near Connor's Springs. 

Ranch : good wa^er ; spring. 

Central Pacific Raihroad (the 
direct road). 

Wat'Cr alkaline. 

G<K)d water: no wood. 

Central Pacific Railroad. 

Oood water, wood, and grac- 
ing. 
Do. 

To Cedar Spring. 

Good grazing; little wood; 
no water. 

Grazing; no wood; water 

poor. 
On Central Pacific Railrosd 

and Great Salt Lake. 
No wood; grazing. 

Post^ffice, on Centn^ Pacific 
Railroad. 
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From KeUottf Utah, to Birch Creek, Idaho, via Boia4 City stage-road, — Atlas-sheets Xos, 40 B 

and 41 A. 



Kelton 

Ten-mile utation 



FotIm of road 

ClfAT Creek Station. . 
Raft River St&tlon. . . 
CrcMaing, Raft River. 



Citv of Rocka Station. 
Di^ride 



IMfltanoe in miles. 



■ 

g 

S' 



I? 



I S 



Snxnmit Station 

Crossing, Biroh Creek 

(Liunit of oar meacmrementa, 1877.) 



9.48 

a99 

3.81 

12.61 

6.53 

o. Oo 
7.19 

3.30 
5.85 



I 

a 



18.47 
22.28 
34.89 
41.42 

50.00 
57.19 

60.49 
66.34 






a 









Remarks. 



-< 



4.222.2 
5,066.4 

5, 241. 5 
6,548.7 
5, 040. 8 
5. 19L 

6, 957. 9 



5,94&1 



Post-office. 

On stage and freight road to 

Boifl6 City. 
Freiffht-road forks to right. 
On Clear Creek. 
On Raft River. 
Little wood; water and grass. 

Do. 
Between Raft River and Birch 
Creek. 



I 



The old emigrant road throneh City of Rocks, not now ased, comes into this road Jnst west of City 
of Rocks Station, follows with it about 1 mile, and forks to the left 

"^From Kelton, Utah, to Ric^s Ferry, Idaho,— Atlas-sheet Nos, 32 C and 41 A. 



Kelton 

Ten-mile Station. 



Emigrant Spring 
Forks of road 



Rice's 

Kelsons 

Clear Creek. 
Kaft River. . 



Sweetaer's Rone 



Cache Creek . 
Richardson's. 
Howell's 



Marsh Creek . 
Forks of road. 



Snake River road 



Goose Creek. 
Bice's Ferry. 



Distance in miles. 





§.3 

9. o 



9.48 

4.13 
4.86 

3.78 
3.52 
4.65 
2.60 

&10 

9.75 
4.14 
6.10 

2.75 
4.60 

23.79 



7.00 
2.39 






13.61 
18.47 

22.25 
25.77 
30.42 
33.02 

4L12 

42.77 
46.91 
53.01 

65.76 
60.26 

64.91 



67.26 
69.65 



I 



69.65 
60.17 

56.04 
5L18 

47.40 
43.88 
39.23 
36.63 



26.88 
22.74 
16,64 

13.89 
9.30 



2.39 






li 



I 

5 



4,222.2 

5,086.4 

5,270.6 
5, 241. 5 

4,986.8 
4,83&0 
4, 605. 3 
4,603.1 

4,509.3 

4,722.8 
5,267.7 
6,040.0 

4,736.8 
4, 431. 9 

4,166.4 



4,250.3 
4, 175. 



Remarks. 



Colorado Central Railroad. 
On stage and freight road to 

Boise. 
Do. 
Separation of stage and fr'ght 

roads to Boise. 
Ranch. 

Do. 
Bridge. 
Bridge ; road forks to Sweet- 

ser s Ranch. 
On road fh>m Corinne to 

Cache Creek. 
Bridge. 

Blacksmith-shop. 
Ranch and store ; road forks 

to Marsh Lake. 
Ranch. 

Separation of old and new 
froi^ht-roads. 
Crossmg of Raft River on 

road from Ross's Fork to 

Rice's Ferry. 
Settlement. 
Snake River. 



* Portion of freight-road fh)m Kelton to Boise City, Idaho. 

Boad from Sweetaer's alsojoins Snake River road near Marsh Lake ; distance, 21.84 miles. 
Freight-rood via Clark's Ferry crosses Goose Creek 7.25 miles from this point, the limit of onr meos- 

u retaents. 

This new rood via Rice's Ferry passes dose on the north side of the Great Falls 29 miles firam the 
feny. The rood has been very little used aa yet, and is not in good condition for that reason. 
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From Boss's Fork to BMs Ferry.^Atlas-sheet No. 32 C. 



Boss's Fork 

Port Xeuf Ford 
Bannock Creek . 
IfcCrea's Kanch 
American Falls. . 

Bock Creek 

Fall Creek 

BaftBiver 

Marsh Lake 

Marsh Creek 

Ooose Creek 



Bice's Ferry. 



Distance In mika. 



7.36 
9.30 
9.47 
4.22 

11.24 
4.U 
8.76 

1&41 
6.72 

&ao 

2.39 



16.66 
2&13 
30.35 
41.50 
45.70 
54.46 
70.87 
76.59 
84.79 

87.18 



s 
g 



87.18 
79.82 
70.52 
6L05 
56.83 
45.59 
4L48 
32.72 
16l31 
10.59 
2.39 



« 

I 






33 



4,544.7 

4, 476. 7 

4, 314. 9 

4.33L 

4,457 

4,212 

4,080. 

4,166 

4,316. 

4,227 

4,280. 



4, 175. 



Bemarks. 



Postoffice. 
Good. 

Water and grass. 

Poor grazing. 
Grood grazing. 
Little wood ; good grazing. 

Bo. 
Crossing. 

Labelled ranch : road forks to 
Bice's Ferry nrom old road. 
New road. 



This is the Snake Biver emigrant-road ; the grade is good. 



From Rossi's Fork to Big Butte.—Atlas-sheets Nos, ^ A and ^ C, 



Boss's Fork . . 
Meadows . . . 
Sgake Biver 
Anderson's . 
Big Springs. 



Butte (estimated). 



Bistanoe in mUea. 



I ^ 



i* 



4.44 

5. 66 
2.46 
4.05 

80.00 






a 



10.10 
12.66 
16.61 

46.61 



g 



46.61 
42.17 
36.51 
34.05 
80.00 



9 

I 

c< > 
B 



4,544.7 
4» 417.1 
4.362.0 
4,491.9 
4, 349. 8 

5,682.6 



Bemarks. 



Agent's house. 

Fort Hall bottom land. 

Boat crossing. 

Banch. 

Last water on rood to 

Bntte. 
Spring on norUi slope. 



Big 



Boad across bottom land very marshy in places, animals must be swam at crossing. From Big Batt« 
the road oontinQes to Lost Biver, and thence to Boise City. 
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LIST OF BOAD DISTANCES BETWEEN PROMINENT POINTS MEANDERED BY PARTY 

NO. 1, CALIFORNIA SECTION, 1877. 

Altnras to Camp Bidwell, via Cedarville Pasa, Cal. 
Alturas to Camp Bid well, via Lake City Pass, Cal. 
Altnras, Cal., to Warner Valley, Oreg. 
Altnras, Cal., to Drew's VaUey, Ores. 
EaglevUle, Cal., to Mud Meadows, Nev. 
Carson, Nev., to Susan ville, Cal. 
Snsanville to Camp Bidwell, Cal. 
Susanville to Camp Bidwellj Cal. 

From Aliuras to Camp Bidtoellf Cal,, via Cedarville Pa88. — Atlaa-sheet No8, 38 B and D. 



Alturaa 

Forkaofroad 

Divide 

CedATville ... 
Lake City ... 
Bidwell 



Distance in miles. 






& 



6.63 

14.58 

2.28 

&65 

16.82 



6.63 
2L21 
23.40 
32.14 
48.46 



48.46 
41.83 
27.25 
24.07 
16.32 






^1 



9 



4,364.0 



5.438.8 
4.674.6 
4,623.5 
4,612.2 



Remarks. 



Main road to north. 



From AUuras to Camp Bidwelly Cat,, via Lake City Pass, — Atlas-sk^t Nos, 38 B and D, 



Altnias 

West entrance to Lake City Pass. 

Divide 

LakeCity 

Bidwell 



Distance in miles. 



i 



n 



17.02 
5.35 
5.42 

16.32 



17.02 
2a 27 
28.09 
45.01 



4 
I 

I 



4&01 
27.00 
21.74 
1&32 



i 






4,364.0 
5,000.0 
7, 034. 5 
4,623.5 
4,612.2 



Remarks. 



On Swearengen Creek. 

Town. 

Unite<l State s camp and town 



1 
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From AlturMy Cah, to Warner ValUy, Oreg.—AtUu^heets Xos, 29 D and 3d B and D. 



AltOTM. 



CedArville Boad. 
Lake City Boad. 
Laaaen's Creek. . 
Snider'a Store. . . 



Boundary Monmnent, Oregon and 

California. 
CoEHweirs Creek 



;g 



Lakeview. 



Head Cammas Prairie. 
Cottage Springs 



Jones's Banch, Warner Valley. 



Distance in miles. 






& 



6.63 
1L29 
13.78 

3.14 

7.78 

6i25 
0.20 

10.01 
15.62 

16.65 



Gk>od road all the way. 



g 



6i63 
17.02 
31.70 

42.62 

48.87 
5&07 

68.08 
83.70 

100.85 



-a 
a 



I 



I 



100.35 

03.72 
82.43 
6a 65 
65.51 

67.73 

51.48 
42.28 

32.27 
16l65 



I 

« 

5 



Bomarka. 



4,364.0 

5. 230. 
5,000.0 
5.145.6 
4,025.2 

4,039.6 

4,00a5 
4,825.1 

5.649.8 
5, 717. 5 

4.466.8 



County seat Modoo County . 
CaL 



Boad-croflfling. 
Willow Banch, Fandango 
Creek. 



County seat of Lake County. 

Oregon. 
Wood, water, and grass. 
Wood, wat4>r, and grass; oft' 

road to left 
Wood, water, and grass. 



From AltaraSf Cal.y to Drew's Valley ^ Oreg. — Atlaaskeeta Koe. 38 A and D. 





Distance in miles. 




Between consecu- 
tive points. 


1 


From Drew's Val- 
ley. 


Alturas 






7a 37 


Cedarrille Boad 


6.63 
6.22 
6.07 
6.46 
4.37 
3.70 

17.30 

12.17 

3.52 

6.15 

a 78 


6.63 
12.85 
17.02 
24.38 
28.75 
32.45 

40.75 
61.02 
^•5.44 
71.50 

7a 37 


71.74 


JoseDh's Creek 


65.52 


Lake City Boad 


60.45 


Pit Biver Slouch 


53.09 


Klnti^her'* BJM1«h - - 


40.62 


Old Lassen Road 


45.02 


Meadows 


2a 62 


Drew's Creek 


16.45 


Debouchure of Drew's Creek 

Liukville Boad 


12.03 
6.78 


Drew's Valley Post Office 









> 






9 





4.364.9 
5, 239. 
4, 661. 9 
5,000.0 
4,790 
4,819.4 




Bemarks. 



County seat Modoc County. 



Water and grass. 

Old Lassen road across Groosf 

Lake ; now submorg^. 
Water and grass. 
Water; very little feed. 
Water and grass. 
Where road enters mountain* 

fh>ni Goose Lake Valley. 
Water and grass. 



This is scarcely practicable for wagons in its present condition, but no trouble is experienced in get- 
ting along with pack animals. 
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From Eagleville, Col,, to Mud Meadowa^ Nev. — Atlaa-ah^ts No8, 38 D and 39 C. 



£B^evUle 

Willow Creek 

Month 49 Cafion (6) 



Brown^s Ranch 

Maasacrp Creek 

Month Yellow Bock Cafion 



Mouth High Bock Cafion 
Mud Meado 



Iowa. 



Distance in mUea. 






13.51 
9.70 

7.68 
19.08 
17.91 

a99 
9.06 






I 



13.51 
23.21 

30.79 
49.87 
67.78 

76.77 
85.83 



85.83 
72.32 
62.62 

55.04 
35.96 
18.05 

9.06 



I 
.S 

H 

« 8 

no 

B 



Bemarks. 



4,632.5 
4,714.2 
4, 645. 8, 

I 

4,878.4 
5, 981. 
5, 120. 6 

4,966.8 
4, 318. 



East Surprise Valley ; water. 
No water or grass Tjunctiou 

of roads. 
Water and grass. 

Do. 
In High Bock Cafion; water 

and grass. . 

Water and grass. 



The orosaing of Surprise Valley opposite Eagleyille is rery bad and miry. From thence to Massacrt* 
Creek the road is gooa. The road from thence through High Book Cafion is now almost abandoned, and 
is Tery difficult to pass at places. 



From Carson, Xev., to Susanville, Cat, — Atlas-sheets No, 47 A, B, and D, 



Carson 

Franktown 



Winter's Ranch. 
Washoe 



Steamboat Springs. 



Hufbkers. 



Reno 



Stage Station 

Pea vine Banch — 
Pine Stage Station 



Junctiofn House — 
Dnnning's Banch . . 

Willow Banch 

Greeno's Banch 

McFadden's Banch 

MiUford 

Qark's Banch 

Bunnellsburg 

Janesville 

SusanTiUe 



Distance in miles. 



s 
4=0 



6.55 

6l94 
1.48 



5.50 



4.71 



a 71 



2.30 
a 41 
5.03 

14.00 
3.09 

14.01 
2.32 

15.69 
1.52 
5.22 
4.03 
2.23 

13.56 



a 



6.55 

13.49 
14.97 



20.47 



25.18 



31.89 



34.19 
42.60 
47.63 

61.63 

64.72 

7^73 

81.05 

06.74 

98.26 

103.48 

107.51 

109.74 

123.30 



123.30 
116.75 

109.81 
10&33 



102.83 



98.12 



9L41 



89.11 
80.70 
75.67 

61.67 
58.58 
44.57 
42.25 
2&56 
25.04 
19.82 
15.79 
13.66 



I 



B 
5 



4,664.0 



5, 145. 2 
5. 019. 5 



4,484.2 



4,951.8 



4, 585. 2 
4, 275. 3 
4, 187. 3 
4, 420. 3 
4, 203. 7 
4,028.5 
4,277.9 
4,386.2 
4, 2ia 



Bemarks. 



Capital of Nevada. 

Virginia and Truckee Bail- 
road station. 

Camp. 

Virginia and Truckee Bail- 
road station; almost de- 
serted. 

Virginia and Truckee Bail- 
road station; fine hotel and 
baths. 

Virginia and Truckee Bail- 
road station; great wood 
flume. 

Junction Virginia and Truck- 
ee and Central Paciflc Bail- 
roads. 

Water. 

Camp. 

Water; road to Loyalton and 
Sierraville. 

Bead to Sierra Valley. 

Cnrop. 

Boad to Last Chance Valley. 

Camp. 
Do. 

Town. 

Store. 
Do. 
County seat of Lassen Coun- 
ty; umd-oflice. 



Main stage-road from Beno to the north. 
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From Smtanrille, to Cawip Bidxetl, Cai.—Atla»-tkMt» A'm. 38 B and D a 





1,.^^.^ 


1 

1 






1 


1 


1 
1 


Bourk^ 


^ „ 


11 75 
■.' ■* 

11.7! 




;i».oi 
se,se 

M.87 
1«.M 


i.Mao 

■S.M7.0 
i,37S.O 

4.»7ftB 
4.«3&5 






17. OO 

»,« 

70.M 

SJ 

124. 0» 


R«d crnaKlnR; mm plot. 
Smth of Hone Laka; bm 


Shuinway'iKuich 










Spiingiftomplct 























Stage and qiaU Ti>nt« from SiuaiiTltle to Camp Bidv^lL 



From SKMKviiU, to Camp Bidvetl, Cal.—Atlet^i,eel»h'o. 38BandDmdi7 J andB. 



D<Btaac« In mllM, 



abater's SMUoD 

MadSprinra 

Rn-bCrw-t 

Smake Cru k Depot 

Forka of road to Beno. . 

Unrpby'a Salt Workl. . . 

BnlblD StaUan 

Snrina 

ClnrkVIteach 

Forka of road 

Bar«aIUiich 

BaderDls 

CiSniUe 



10. 86 



18. » I 14&03 

JS.2I 

; 4LM I IU.I2 

MM 1UI.S2 . 



S,aZ«.fl Vrryl 



ConDtf M'at LusFD CountJ 

<Hd eiDljcnuLt i'HinpiD§r pLaoi 
witod, wat4^r, Hua foSd, 



Main roul from SnipriBe Vil- 
UyloKiiiiavlaFlitliHpriiie; 
to Wall SprinE l$.7IniikiL 
'—■--"—- toDoepHol. 



B ()ood wat^r and fevd. 

Riind 1.1 Tulodad and Cold 

ftonth nnd Sarpilia Tallsy, 

on Silver Cr™k. 
PiMt«Alce on Kagle Cnek. 

2 United Statu camp andbm. 
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LIST OF BOAB-DISTANCES BETWEEN PROMINENT POINTS MEANDERED BY PARTY 

NO. 2, CALIFORNIA SECTION, 1877. 

Carson, Nev., to Georgetown Junction. CaL 

Georgetown Junction to Placerv'ille, Cal. 

Placenrille to Georgetown, Cal. 

Georgetown to Georgetown Junction, CaL 

Carson, Nev., to PlacerviUe, Cal., via Amador Road. 

San Andreas to Silver Mountain City via Big Tree Road, Cal. 

Silver Mountain City to Woodford's, Cal. 

Woodford's, CaL, to Carson, Nev. 

Bridseport to Columbia, Cal. 

San Andreas to Tuttletown, Cal. 

Carson, Nev., to Wellington, Cal., via Cradlebangh's Toll-Road. 

Carson, Nev., to Wellington, Cal., via McTanahan's Road across Como Range. 

Silver City to Mogul, Cal. 

Truckee, Nev., to Cisco, Cal. 

From Canon, Nev,, to Georgetown Junction, Cal., via Plaoerville and Virginia ToU'Road. — 

AtlaB^keets Nos, 47 D and 56 B. 



Caracm 

(Yenoa (comer of lane) 



Hot Sprinin 

Hainea'..;- 

Summit of grade. 



SmaO's 

Carney's 

Sierra'Honae 

Woodbnni's saw-inill 

Myera' Ranch 

Osgood's Toll-House . 
Summit 



PhOHM' Station 

StraWoeny Station (toll-bouse) 
Georgetown Junction 



Distance in miles. 



si 
s| 



12.96 

L80 
LU 
0.04 

3.22 
0.90 
8.45 
L44 
3.25 
1.10 
2.05 

2.81 
4.87 
4.28 



12.96 

14.76 
15.90 
20. D4 

24.16 
25.06 
28.51 
29.95 
33.20 
34.30 
36.35 

39.16 
44.03 
4a 31 



I. 



I 



I 



48.31 
85.35 

33.55 
82.41 
27.87 

24.15 
23.25 
19.80 
18.36 
l&ll 
14.01 
U/96 

9.15 
4.28 



I 






I 

5 



i 



4,670 
4,797 

4,702 



7,297 



7,266 

6,871 
5,695 



Bemarks. 



At the capitoL 

Via upper road; 13.16 mUes 

bv nver road. 
Hotel and bath-house. 
Foot of Kingsbury grade. 
Daggett's Pass, eastern sum- 
Foot of Kingsbury grade. 
State line House. 

Lake Valley Post-Qfflce. 

Dfdry Ranch. 

Forage fbr sale. 

Johnson Pass, western sum- 
mit 

No grazing ; forage sold. 
Do. 

Branch road to Georgetown 
CsL 



Fine double-track road; best route ftt>m the western foot-hiUs to the Comstook. Forage, &o., may 
W purchased at any of the stations. 
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From Georgetown Junction to Placerrille, CaL — Atlaaskeets Xon, 56 A and B, 



Distance In miles. 







& 



3 . 



e 

;| 

«s 



I 

g 






BenUirikA. 



I I I 



. 3 



Georgetown Junction 

Dick TarnelVft ToUHoom 

McConniftlia'a 

Perrin's 

Milea' 

Moore's Station (toll-house) 

Pacific HoutH) 

Snort«man*a Hall 

Ten-MUe Hfinse 

Paint<T*B Station (Eight-Mile House). 

Toll-House 

Smith's I-Tat 

Placerville (at postroffice) 



8.28 
.72 
L16 
6.67 
0.91 
4.28 
7.30 
1.79 
L32 
6.2.5 
0.47 
2.75 



6.28 
7.00 
8.16 
14.83 
15.74 
2b. 02 
27.32 
29.11 
30.43 
36.68 
37.15 
89.90 



39.90 ; Toll-House, 

33. 62 ' Wood, water, and forage 



32.90 

3L74 

2.5.07 

24.16 

10.88 

12.58 

10.79 

9.47 

3.22 

2.75 



3,981 , Do. 

Da 

1 Do. 

Do. 

3,451 ' Do. 

, Do. 

' Do. 

t Do. 

I Do. 

Do. 

*!, 893 i Mining town ; se«t of Eldo 
rado County. 



(Continuation of Virginia and Placerville route ; forage, &c., to be had at all principal stations ; gni 
ing scanty. 
* Observation for altitude taken at court-house steps. 



From Placerville to Georgetown, CaL — Aflae^heet Xo. 56 A. 



Placerville 

Chili Bar Toll-House. 



Kelsey 

Saint Lawrence Mine 

Johntown 

Georgetown 



Distance in miles. 



i 






& 




i 



i 



3.25 

5.73 

8.49 

11.43 

15.68 



I 



s 

I 

o 
a 



15.68 
12.43 

9.95 
7.19 
4.25 



I 









Remarks. 



At post-offlce. 

Briage over South Fork of 

American River. 
Mining settlement 

Do. 

Do. 
Mining viUi^e. 



Road in good order. 
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Frcm Chorgetoum to Georgetown Junction, Cah — AtUu-aheets No8, 56 A and B, 



G«>rpetowii 

Hutchkisft Ranch 
Fomi's Bauch ... 



Big Silver Creek 

Juuf 8' Ranch 

Branch road to Sawyer's 

Georgetown Junction . . . 



Diatance in miles. 



§1 

n 



& 



1.52 
17.69 

13.22 
3.01 
9.53 



t 



g 



1.52 
19.21 

32.43 
35.44 
44.07 



2. 61 47. 58 



47.58 
46.06 
28.37 

15.15 

12.14 

2.61 



I 



<& > 






2,931 
4,225 

4.762 



Remarka. 



Mining villa^ 

Forage obtainahle. 

On Pilot Creek; wood and 

water; poor grazing. 
Ford. 

Little Silver Creek. 
Saw;p^er'8 Dairy Ranch 4.72 

milea. 
On Pliibcerville and Virginia 
Toll-Road, SouthForkAmer- 
ican River. 



Road k^t in fiur condition ; is used principally by dair^'men and stock-owners. 



From Canon, Nev., to Plaoervillef Cah, ma Amador road, — Atlas-sheets Nbs, 47 D and 56 

A and B. 



Carson 

Woodford's 



Carson Cafion Toll-Hoose 



*Xott'« Ranch, Hope Valley . 
Sterena' Ranch, Hope Valley 

WiUiams' Ranch 

("arson T*8i» 

Caples' Ranch 

Kirkwood's 

Silver Lake Hotel 



f Tragedy Spring. 

I.ieck Spring 

Caples' Spiug . . . 



Stonebreakers*. 
Uaxel Valley . . 



HyPark 

Eldorado Door Factory 
Pleasant Valley 



Xewtown 

Smith's Flat 

Placerville (at post-office). 



Distance in miles. 






30.87 



8.84 

2.42 
4.25 
2.60 
L81 
3.68 
L70 
5.67 

3.00 

6.59 
n.56 

4.25 
4.15 

0.77 
7.04 
0.57 

2.30 
5.60 
2.75 



30.87 



34.71 

37.13 
41.38 
43.98 
45.79 
49.47 
5L17 
56.84 

69.84 

66.43 
77.99 

82.24 
86.39 

87.16 
94.20 
94.77 

97.07 
102.67 
105. 42 



105.42 
74.55 



70. n 

68.29 

64.04 
6L44 
59.63 
55.95 
54.25 
4a 58 

45.58 

38.99 
27.43 

23.18 
19.03 

1&26 
n.22 
10.65 

&85 
2.75 



I 



2 « 



5.676 



6,506 

7,110 
7,382 
7,757 
8,634 
7,781 
7,677 
7,174 

7,989 

7,242 
5,512 

4,360 
3,404 



2,405 



Remarks. 



At the capitoL 

Month Carson CaDon ; wood 

and water ; forage bought; 

toll-honse. 
Carson Cafion; wood and 

water. 
Wood, water, and grazing. 
Do. 
Do. 
Road crosses main Sierra. 
Wood, water, and grazing. 

Do. 
Toll-honse ; wood and water ; 

forage bought. 
Wood and water ; some graz- 
ing. 
Wood, water, uid grazing. 
Wood plenty; water scarce; 

no grazing. 
Wood and water. 
Forage purchased ; wood and 

water. 
Ranch. 

Agricultural village: form- 
erly some placer-mining. 

Old settlement. 

Swedish settlement 

County seat Eldorado Coun- 
ty; mining town; supplies 
of all sorte. 



* At Xott's Ranch an old stage road branches to the west, crosses western summit by Luther Pass 
eronae« Lake Valley and strikes Placerville and Virginia road at Johnson Pass, about } mile west of 
summit Total distance about 10 miles. Road out of renair and little used. 

t This route leaves Amador road about 3^ miles beyona Tragedy Spring near Corral Flat From this 
point to Stonebreakers' road ia principally used by sheep and catUe men. 
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From San Andreas to SUcer JfounUUu Clhf^ Cal.j via Big Trtt Road. — Athu-^keets Xoe. 'Jb 

AandB. 



Difltenoe in mfles. 



> 







C8 


? fl 


»« 
^•'j 


•if . 


pa 

1" 


< 

s, 

ml 

o 
•• 


— a 

s 
a 

il 


2-3 

-Si 

1 


A 


S^ 


fa 


< 



Attn AndTCM. 



Eldoraao ' «153 

8he«pBanc1i ■ 0.55 

HalTWayHooM I 7.» 

Big Tn« Grove ! 7.30 

Gttrdener's Station i ^^ 

Black Sprinn > &54 

Blood'sStai^ j 1L04 

*Hennit Valley I 12.72 

Snnunit | 5.47 

SUver Moontain City i 8.23 



fll53 

1&08 
23.47 
30.77 
33.59 
42.13 ' 

53.17 ' 

I 

65.89 ' 
7L36 ' 
77.59 '. 

I 



77-59 


1,033 


6a 06 
6L51 
1 54.12 
4«Lg2 
44.00 


"4,*7M 



35.46 
24.42 

11.70 
6u23 



6,4S5 
7.269 

7,0M 
7.630 
6^446 



Seat of Calavena Coouty. 

CaL 
Mining rillafEe. 
Mining settlement. 
On Big Tree Boad. 
Hotel 

Forage aold. 

Wood and water -. no grazing. 
Toll-honae; pastoiage and 

foragei 
Cnmmings' Ranch. 
Silver Mountain Pi 
At post-office. 



* This ronte from Half Way Honae on ia over ]^ Tree Boad. Boad kept in good condition. From 
Hermit Valley there i« a branch road running to williania' Ranch on the Amador Boad ; distance, 16.71 
milea. 



From Silver Mountain City to Woodford's, Cal,—Atla8^keei Xo, 56 B. 



Silver Mountain City (at post^ffioe) 



Moant Bullion Toll-Honse 

Bridge and old toll-house 

Markloeville (Johnson's Hotel) 

Woodford's (post-offlce) 



Distance in milea. 



Is 

r > 



A 



&81 
3.63 
L56 

a89 



a 

ll 



5.81 

9.44 

ILOO 

17.89 






g 



17.89 

1L08 
&45 
6.89 



I 






9 
I 

5 



6.446 



5.525 
5,676 



B^*i n^r V%r 



Mininjr village on Silvt-r 

CreeL 
Mouth Monitor "Creek. 
Over East Branch, CarHon. 
County seat of Alpint 

County. 
Stage station ; forage sold. 
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From WoodfartPSf Cal,, to Caraou, JVee. — AtUu-eihegts Noa. 47 D and 56 B» 



Woodford's 



FrpderidubuTfC 

Sheridan (ftt post-office) . 

Haines 

Genoa 



Distance in milea. 



II 



Carson (at oapitol) . 



fi.10 
5.07 
4.80 
2.94 

12.96 



I 



g 



5.10 
10.17 
14.97 
17.91 

30.87 



30.87 

26.77 
20.70 
15.90 
12.90 



I 

In 

I 



Remarks. 



Month Carson Cafion; for- 

aee purchased. 
Olasettlement 
Settlement 

Foot of Kinffshury Grade. 
AsTicaltnnu village : aeat of 

I)onglas County, Nevada. 
Via npper road. 



Road paMes through Carson Valley. Forage and pasturage may he ohtained. 



Prom Bridgeport to Columbia^ Cah, via Sonora and Mono Wagon Road, — Atlas-sheets Xo, 56 

BandD, 



Bridgeport. 



Obenohain's Saw MiU 

Hot Springs 

East Branch West Walker 



West Walker Rirer. 

LesTitt's 

Summit 

HavA' Station 

Mifi Creek 

Strawberry 



Excelsior Hotel (Northrup's) 
Columbia (at post-office) 



Distance in miles. 



H 



5.00 
9.30 
8.29 

2 40 

5.06 

7.59 

11.20 

13.16 

11.59 

15.94 

14.85 



1 

P 



5.00 
14.30 
17.69 

14.99 
20.05 
27.64 
38.84 
52.00 
63.59 

79.63 

94.38 



i 

I 

g 



94.38 

89.38 
80.08 
76.79 

79.39 
74.33 
66.74 
55.54 
42.38 
30.79 

14.85 



I 



X it 



6,504 



7,388 
6,724 



9,660 
5,957 
6,273 
5,281 

4,670 



Remarks. 



Seat of Mono County; for* 
age and pasturage. 

Formerly Taney's, 

Wood, water; poor grazing. 

Ford; grazing and wood on 
rirer Danks. 

Bridge. 

Horse Ranch. 

Sonora Pass. 

Wood and water; no grazing. 

Wood and water; no grazing. 

Wood and water; forage pur- 
chased. 

Wood and water; forage pnr- 
chased; toll-house. 

Mining town. 



Sini^e-track rood; condition, fkir; some heavy grades between Leavitt's and Summit, and between 
Summit and Hays' Station. The main road runs on from STorthrup's to Sonora, seat of Calaveras 
County. 
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Fnm San Andreas to Tkittle Town, Cah—Atlas-skeetg 3mm. S6 A and D. 



Dutance tn miles. 




o 

§1 

II 



s 

cc 

g 



& 



O 

H 

o 

2 

H 

g 



I 

si ^ 

ft 

no 
p 




SanAndTCM 2L61 1,033 



Angels j 12L88 

Terry 8.57 

TatUeTown | 2.16 



12.88 
19.45 
21.61 



8.73 
2.16 



I 



Sest of CalaTevM Gonflty, 

California. 
Old mining viBsge. 
Stanislsiis River. 
Colnmbia, sboat 6 miles by 

road. 



From Carson f Nee,y to Wellington^ Sy Cah, via CradlebaugVs Toll Road. — Atlas^\e^ Xo. 4'* 

Dandbe B. 



Carson (at capitol) 
Cradlebangn's. . . 



Twelve Mile Honse 



Donble Sprinfipi 

Mountain Honao 

Walker River Store and Post Office. 
Wellington's 



Distance in miles- 



a 



8.20 
11. «7 



OB 

a 



a2o 

19.87 



10.11 ' 29.98 

3.75 1 33.73 

a 48 42. 21 

3.86 4&07 






g 



9 

I 



9 m 



46w07 4,670 
37.87 4,550 



26L 20 14, 768 

16.09 |5, 998.0 
12.34 :5,64L4 

3.86 

4,795 



Freight route to Bridgeport^ Aorora, and Bodie, CaL 



Remarks. 



Capital of Nevada. 
Toll-honse and bridge over 

Carson. 
Staso - station ; forage par- 
cnased. 
Do. 
Do. 

Sta«e-station ; forage par- 
chased. 
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From CarMMy JViffr., to Wellington* 8, Cal,, via McTanahan'9 Road across Como Range. — At- 
las-sheets Xos, 47 D and 56 B, 



Carson (at cspitol) 

McTanahan's Boad and Toll Honse. 
Sammit of grade near Mineral Hill . . 

Main Sanmut 

The Jews 

Hot Springs 



Distance in miles. 



g 

h 



Wellington's 



4.95 

12.47 

4.70 

6.25 

11.78 

0.84 



B 



4.06 
17.42 
22.12 
27.37 
30.15 

48.90 



00 



g 



4a 00 

44.04 
3L57 
2«.87 
21.62 
0.84 






4 




-*» 

•a 



7,211 
4,870 
4,705 



Remarks. 



Capital of Nevada. 
On Carson River. 

Road rrosses Como Range. 
Forage and pasturage. 
Hotel and oath-house ; for- 
age and pasturage. 
Stage-station ; forage, Ac. 



From Silver Mountain City to Mogul, Cal,— Atlas-sheet No. 56 B. 



SOrer Mountain City Post Office. 

Mount Bullion Tofl House 

Monitor (at Union Hotel) 

Mogul 



Distance in miles. 


9 
> 






1 


. 


-A 




Between consecn 
tive points. 


From Sil ver Monn 
aln. 


1 


it 






10.04 


6^446 


5.81 


6.81 


4.23 




1.75 


7.56 


2.48 




2.48 


10.04 




7,273 



Remarks. 



Mining village. 
Month Monitor Creek. 
Mining village. 
Deserie<l mining village. 



i'Voiii Monitor to Silrer King, Cah— Atlas-sheet No. 56 B. 



Distance in miles. 



P 
1% 

^-5 



Monitor (Union Hotel). 
SUverKlng 



13.87 



•a 

o 

1^ 



M 

a 



« 

I 



it 
I 



B 



Remarks. 



Mining village. 
Deserted mining town. 
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From Trvclnie to Cisco, Cal—Atl<u-theet Kq. 47 £>. 
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BAROMETRIC HYPSOMETRY. 

Kesults in this branch appear in Vol. II of the quarto reports, to which 
a list of cistern barometer altitudes is added. The barometric observers 
and recorders have made their field observations in accordance with the 
manual of instructions, and special computers have been employed 
during the winter months in obtaining differences in altitudes between 
observed and reference stations. Lieutenant Tillman was in charge of 
these computations, and of their final record upon the abstracts required 
by the topograi)hical branch, and those upon which published altitudes 
are based. 

From the number of cistern and aneroid barometer stations occupied 
and altitudes computed, it will be seen that good progress has been 
made. Transcripts of observations made by the Signal Service at points 
contiguous to the field of survey have been furnished through the courtesy 
of General A. J. Myer, Chief Signal Officer, U. S. A. Data for a large 
nimiber of barometric profiles of routes, trails, streams, &c., have been 
collected. A list of altitudes of selected points of special importance 
in the regions occupied in 1877, prepared by Lieutenant Tillman, Corps 
of Engineers, is to be found herewith. 

6 WH 
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ItflNINa INPORMATION. 

Several of the newer mining districts have been visited, and are here- 
with described. 'So exhaustive examination can well be made in a dis- 
trict but little developed, in which the industry has not reached an 
advancefl and somewhat typical stage. The detailed survey and exami- 
nation of the Comstock Lode, in Nevada, and its surroundings, have been 
prosecuted ais far as time and means would permit. The contour map 
of the surface, with the exception of a small area, is complete. Mr. John 
A. Chiuxjh, by whom I have been assisted, succeeded by much energy 
and perseverance in obtaining the underground data for cross-sections 
of portions of the lode, and of certain of the working and stope levels. 
Mr. Karl was engaged with the plane-table during a part of the season, 
and in tracing the plots of the underground workings of the several 
companies. 

The companies with one accord have tendered the survey every facil- 
ity in their power to render the measurements and examinations minute 
and complete, and the mining surveyors, Messrs. James aud Wrinkle, 
together with Charles II. Hoffman and Alfred Craven, have assisted in 
procuring data of these extensive workings. Surveyor-General E. S. 
Davis, and his assistant, James Butler, have extended every courtesy, 
and I desire here to mention the good offices of Messrs. James G. Fair, 
William H. Patten, Charles Forman, Samuel Curtis, H. Smith, Capt 
John Taylor, Frank Osbiston, Mr. Gillette, and others whose names 
are not now at my hand, mining managers and superintendents who 
have willingly tendered information and means for prosecuting the work. 

This special work contemplates a detailed contour survey of the dis- 
trict, including the location of mills and other works, cross-sections at 
each 100 feet along the vein, horizontal sections of the working and stope 
levels, longitudinal sections of the entire lode and of the Sutro Tunnel, 
the geology of the district and of the Sierra to the westward, the min- 
eralogical constituents and lithological characteristics of the vein and 
country-rock, methods and expenses of mining and milling, including 
drainage, temperatures, and ventilation, and the aggregate and annual 
production. As large a part of the information gathered as is practi- 
cable will be shown upon a series of maps based upon the topographical 
contour sheets. The underground examinations are taken up at the 
points in depth to which they were carried by Clarence King and James 
D. Hague, his assistant, and the work will thus supplement that so well 
begun and successfully carried forward by the former, adding perma- 
nently, it is hoped, to the mining information of the country. The dif- 
ferent subjects will be treated in detail as each is completed. The 
greater part of the material for the mapping, both above and under 
gix>und^ has been gathered. Mr. Church presents the results of his ex- 
amination as far as he can carry it. It is expected that the special geo- 
logical and mineralogical investigations may be concluded during the 
coming season. Collections of the country-rock and of rare rock speci- 
mens are being made, and in this matter Mr. Adolph Sutro, the pro- 
jector of the tunnel that bears his name, has aided by contributions 
from x>oints along the line of the tunnel. 

The levels to which the contour curves are referred depend upon 
barometric altitudes, referred to three initial points at the astronomical 
monument, west end of base, and at Carson City, connected with and 
checked by levels of the Virginia and Truckee Kailroad, they being 
checked in turn by the levels of the Central Pacific Railroad at Beno, 
Nev. The length and azimuth and angle of elevation of the line ex- 
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tending from the astronomical monument to a staff or bench on Cedar 
Hill have been established, and this may answer as a permanent line of 
reference in all fhtore mining sorveys. 

A special line of levels has been run, joining each of the wording 
shafts upon the lode. Connection has been made with all the stakes of 
the pnbUc land and mineral land snr\'ey s. The data obtained will prove 
sufficient for a detailed model of the lode and its surroundings, with the 
underground workings, the annual progress of which it is intended shall 
be made a subject of fiirther record. 

Bock temperatures are being recorded at certain of the new shafts in 
the east country-rock, and as fast as practicable it is to be hoped that 
they may be carried on simultaneously in the deep workings throughout 
the entire district. The question of ventilation, one of the most impor- 
tant in the further development along the lower levels of these mines, 
has received some study, and systematic observations affording informa- 
tion concerning volumes, velocities, air-temperatures, relative position of 
underground spaces, innuence of the Sutro Tunnel, pure or foul air, 
friction, &c., are in prospect of accomplishment as soon as time and 
means shall permit. Mr. Church, in his report, gives the yield of the 
Consolidated Virginia, California, Ophir, Chollar Potosi, Crown Point, 
Belcher, and Overman Mines for the year ending December 31, 1877, 
as silver $17,760,702.35 and gold $16,130,905.56, making a total of 
$33,891,607.91 for the year. The production as given by him from the 
bonanza now being worked, of the Consolidated Virginia and Califor- 
nia Mines, since its discovery and first development, shows an aggregate 
of $85,352,566, of which 54.2 i)er cent, was in silver and 45.8 per cent, 
in gold. 

It is interesting in the history of the development of the mines of the 
Comstock to know that as this paragraph is being added to this report 
(October 22) the workings of one of the northerly mines, the Sierra 
Nevada, has uncovered the prospect of bonanza ore between the 2,000 
and 2,200 foot leveL Quartz showing low assays was met on the 
incline a little below the 2,000-foot level, apparently in connection with 
a hanging wall, dipping nearly on an angle with the incline. Upon 
pushing forward this incline the assays were found to increase until at 
a cross-cut of 12 feet, a little below the 2,100-foot level, the presence of 
rich ore was revealed. Ore had been discovered as far as the 2,200-foot 
level, and the discovery of ore over so long a vertical line at so great 
depth has ox>ened an era of renewed confidence in these mines. 

BODIE DISTKICT, MONO COUNTY, CAUFORNIA. 

This district was discovered and organized by Mr. Bodie, in 1863, and 
has been worked continuously since, excepting in 1866. It is 102 miles 
from Carson, Xev., via Aurora, the nearest point of railroad communi- 
cation being Carson. The shape of the mining area is rectangular, being 
about three miles long by half a mile wide, the trend being north and 
south. 

Tlie district was examined geologically by Prof. J. D. Whitney, in 
1864, and by A. Garrard, mineralogical surveyor. The position of the 
mineral ledges is on the eastern slope of the foot-hills, the ore deposits 
lying on the ridge. The trend of the mountains is north and south. 
The vein varies from 4 to 8 feet in width, averaging about 5 feet; tlie 
direction is north 20^ east, and the ore is a little richer on the foot-wall, 
Diorite and diorite porphyry constitute the country-rock, while quartz- 
■^^ sometimes occurs as wall-rock. In the Standard Mine the direction 
\e hanging and foot walls is 58^ south as far as the 300-foot level. 
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42^ from there to the 450-foot level, and thence to the bottom it is 65^. 
No fossils are found in the country -rook. The ores are worked wet, and 
yield $72 per ton ; are quartz, with the gold finely disseminated, and 
contain no base metal, and none in the district contain silver. Water- 
level has not been reached in the veins. 

The principal mines are as follows : 1. Standard, size of claim 1,500 by 
600 feet. Its incline is 739 feet deep, and there are five levels ; one at 150, 
one at 200, one at 300, one at 450, and one at 550, with a winze between 
the third and fourth. 2. Bodie, 600 by 1,500. 3. Bulwer, 100 by 1,000, and 
includes three ledges. 4. Becktel, 600 by 1,000. 5. Bed Cloud, 100 by 
1,500. 6. Smith & Olsten, 400 by 1,000, and include>s four ledges. All 
these mines have shafts. 7. Syndicate Mine, including the Osceola and 
Tioga claims, 41^ acres, and having a tunnel 450 feet long. 8. Black- 
hawk, 1,500 by 100, having a tunnel 273 feet long. 9. BuUwhacker, 
1,500 by 100. 10. McClinton, the oldest location, including a series of 
ledges. There are placer-diggings just north and south of Bodie, but 
there is not enough water to work them. Up to October 1 the Standard 
Mining Company had spent $128,000, and had taken out $381,000 worth 
of bullion. They extract 75 tons of ore daily, but bullion has been pro- 
duced extensively only during three months ; in August, 1877, of the 
value of $104,000, and between September 5 and 15, $81,000. There are 
two mills, the Standard, with 20 stamps, 750 pounds each, and 90 to 95 
drops per minute, and an engine of 130 horse-power and 2 boilers, 
10 pans of 5 feet diameter, and 5 settlers of 8 feet diameter ; the Syndi- 
cate, with 16 stamps, an engine of 60 horse-power, 6 pans of 6 feet diam- 
eter, and 3 settlers of 9 feet diameter. The average cost per ton for 
mining the ore is $2.75 per ton ; for roasting and miUing, $2.15 per ton ; 
mining labor per day, $4; milling labor, $3.50; average amount of ore ex- 
tracted by one man per day, 6 to 7 tons ; average cost per foot for run- 
ning a tunnel on main veins, $2.50 ; and for sinking a shaft on a main 
vein, $5 in the Standard, dimensions 4 by 6 feet. 

Hay, which is brought from Bridgeport, Cal., is $35 per ton, and grain, 
mostly from Mason's Valley, Nevada, is 4^^ cents per pound. There is no 
timber within four miles of Bodie, and pine wood, at $12 per cord, is 
bronght 6 miles on pack-mules. The Standard mill is supplied with 
water from Bodie Creek, west of the town, and a spring supplies the 
town itself. The district contains 500 inhabitants, besides 200 Pah-Ute 
Indians, and has good i*oads. There are three stores and one banking- 
house at Bodie. The game found consists of deer, quail, and sage-hens 
in abundance. 

MEADOWLAKE DISTRICT, NEVADA COITNTY, CAXJFOBNIA. 

This district, 11 miles by wagon-road from Cisco, Cal., was discovered 
and organized June 6, 1863, by H. H. Hartley. It is bounded north by 
French Lake, ea«t by the ridge west of Castle Peal^ south by the South 
Fork of Yuba River, and west by Red Mountain. It is about 7 miles 
long north and south, and 6 miles wide— a parallelogram — and contains 
about one hundred ledges. The township containing this district has 
been publicly siuveyed. 

The general trend of the ledges is northwest and southeast, and their 
positions are on the lower ridges, or along the summits of the foot-hills. 
The general direction of the lodes is southeast and northwest, and the 
hanging- wall side is the richest. This wall is of gray granite, generally, 
toward the west, and has an angle of 15^ to vertical. Tliere are good 
walls in the vein for 140 feet. It is supposed by miners that the depos- 
its are fissure veins. They occur in metamorphic and igneous rocks, the 
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ores being found in basalt inclosed by the country-rock, granite. There 
are no sedimentary rocks in the neighborhood, and no fossils are found. 
It is impossible to find the age of the vast mass of gray granite forming 
the major part of the Sierra Nevadas. 

The district has been worked at intervals only, since 1863, most of the 
work being done in the seasons of 1865 and 1866, with enough ea<;h year 
to retain hold on the cUiims. The ores are worked wet, and the yield 
has been from $3 to $37 i)er ton, 100 tons at one time yielding at the 
last-named rate, 100 at the rate of $27J per ton, and the Excelsior Mine, 
in 1865, yielding $97 per ton. Water-level has not been reached. The 
great drawback in working the ore is the large amount of bisulphide of 
iron. There are galena, arsenic, some cobalt, and traces of nickel. The 
chief characteristics of the ores in detail are pyrite with blende, anti- 
mony, copi)er as sulphide, oxide, and carbonates, graphyte in small 
quantities, and molybdenum!. No silver-bearing ores are found. 

The principal mines worked are : 1. Excelsior, having funnel and shaft 
100 feet long ; 2. Sunny South, a hole 20 feet square ; 3. Pacific, having 
a shaft 72 feet deep ; 4. Pittsburgh, a hole 10 feet long ; 5. Keystone, 
having a shaft 43 feet deep, and a tunnel started to strike the vein ; 6. 
Wisconsin, with a shaft 20 feet deep; 7. Mohawk and Montreal, having 
three levels on the hill-side, from 30 to 40 feet long; 8. New York ledge, 
with a hole about 10 feet long — ^very rich rock ; 9. Gold Eun and Phce- 
nix, with a tunnel 140 feet long; 10.. Pullman, a hole 10 feet square; 
11. Bullion, with a tunnel started a few feet. 

The amounts expended on these mines are as follows : Mohawk and 
Montreal, $228,000 ; Excelsior, mill and mine, $60,000 ; Keystone, $2,000 
to $3,000 ; Wisconsin and Sunny Southj each, $1,000; Pittsburgh, $400; 
and several thousand dollars on the Pacific. The total amount of bullion 
extracted does not exceed $125,000. At one time there were eight 
nulls here, the Excelsior having 5 batteries of 4 stamps each ; the Mo- 
hawk 10, California 8, Winton 9, Grant 8^ and Culbertson's mill 10 
rotary stamps, respectively, the stiimps varying from 500 to 900 pounds. 
The amalgam was cold-strained. Batteries were lined with copper 
plates ; there was much loss of quicksilver by granulation, and much 
gold ran off in the tailings. The average cost per ton, at present, for 
mining the ore is $2 to $3, to be stoped, and $2 on the surface ; for roast- 
ing and milling, $2.50 to $5 ; cost of mining labor per day, $4 ; milling 
labor per day, amalgamators, $3 to $4 ; engineers, $4 to $5. Average 
amount of ore stoped x)er day by one man, 3 tons. The average cost 
per foot for running a tunnel on main veins is $32 to $35 ; for running 
a drift on a main vein, $15 to $30. 

The hills and meadows on the north and east of the district are heavily 
timbered, but south and west is bare rock and no vegetation. The 
water-supply is from Meadow Lake, half a mile long and 200 to 500 
yards wide. Wells are abundant, and water can be reached at 6 feet 
There are now ( July,*1877) only about 25 inhabitants in the district, where 
there were over 5,000 in 1866. The price of freight from the railroad is 
a half to one cent per pound. There is a saddle-train to Cisco, with fare 
at $3. The place has one school-house and one banking-house, and good 
roads. There is little stock kept. Game consists of deer, bears, foxes, 
martens, grouse, and quail. No Indians have ever lived in the district 

PLACERVILLE DISTRICT, EL DORAIX) COUNTY, CALIFORNIA. 

This district was discovered and organized in 1849, and has been 
worked continuously. The mines are 10 miles from the railroad station 
at Shingle Springs. The district lies between the South Fork of the 
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American Kiver and Weber Creek, in Placerville Township, the trend 
of its longer axis being southeast and northwest. It has been surveyed 
geologically by Mr. Goodj^ear, of the California Geological Survey, and 
it8 miuiDg ledges lie in a canon and along foot-hills. The nearest mount- 
ains are the Sierra Nevada, 40 miles distant, with a trend north and 
south. The general direction of lodes, deposits, and stratifications is 
northwest and southeast. The dei)OBits are fissure veins which dip to 
the eastward at an angle of 45^, and the wall-rock is talcose schist. The 
metamorphic slates and schists of the vicinity are evidently Archjean, 
but the auriferous drift around Placenille is probably Post-Tertiary. 
Xo fossils are found. 

The ores are worked by the wet process, and yield an average of $18 
per ton. Since reaching water-level the ore becomes lighter in descend- 
ing. The sulphides above the water-level are decomposed, but below 
they are not, and have a bluish tint, particularly in the Saint Lawrence 
Mine. The ores are characterized by the presence of pyrite and galena, 
and some native gold is found. Sulphides occur in all the ledges. The 
chief base metals are iron and copper. In the richest ores there is a 
slight sprinkling of galena, but not enough to interfere with the work- 
ing. There are no silver-bearing ores in the district. 

The principal mines now worked are as follows: 1. The Mount Pleas- 
ant, having a shaft worked to the water-level. 2. Crystal, with a shaft. 
These mines are at Grizzly Flat. 3. The Church Union, at Diamond 
Springs. 4. Pocahontas, at Logtown. 5. Eose ; 6. Pacific ; 7. Oregon ; 
8. Old Harmon ; all at Placerville and having shafts. 9. Grass, at Placer- 
ville. 10. Saint Louis, 6 miles southeast, having a shaft. 11. Saint 
Lawrence, 5 miles from Placerville, having a shaft 900 feet deep, the 
deepest in this part of the country. 12. Eoseerans, with a shaft, at 
Placerville. 13. Taylor, 9 miles from Placerville, with a shaft incline 
500 feet deep, and several levels. 14. Volcano, at Volcanoville, with a 
shaft. 15. Sliger ; and 16. Cedarberg, at Greenwood, both having shafts. 
There are, besides, plenty of placer-diggings in the district, those at 
Coon Hollow being the largest. All the mines except the Saint Louis, 
Rose, and Crystal have mills. The Saint Lawrence has expended 
$300,000, and extracted $465,000 ; $500,000 has been taken out of the 
Pacific, and $100,000 out of the Oregon Mine, and $20,000 was spent in 
sulking the shaft and $5,000 for the mill of the latter. From the Mount 
Pleasant Mine, at Grizzly Flat, more than $100,000 has been extracted, 
and Bose Mine has realized $14,000 and spent $10,000 upon its shaft. 

The Saint Lawrence mill has 30 stamps, with 85 drops per minute ; an 
engine of 14-inch cylinder, 45-horse power, and 2J feet stroke, and one 
boiler 5 feet in diameter and 16J feet long. It has Herdy's gold con- 
centrators, used with copper plates, rock-breakers, and self-feeders. The 
amalgam is cold-strained. The Naslnille mill has 40 stamx)s run by 
water-i)ower (turbine). Davidson's mill has 20 stamps, and the other 
mills chiefly have 10 stamps. These mills named are the principal ones 
in the district. The average cost per ton for mining ore is $2.50. The 
cost for working by steam has been about $7 per ton, but with water- 
power it may be reduced to $5.50. Mining labor per day is $3, and mill 
ing labor the same. About one and a half ton of ore can be stoped by one 
man per day, with a vein 3 feet wide, and about 1 ton extracted per man 
per day. The average cost of running a timnel on main veins is $5 per 
foot, and for sinking a shaft on main veins it cost $30 i)er foot at the 
Saint Lawrence Mine. For running a drift on a main vein the cost is $3.50 
per foot. The cost of hay is $20 per ton ; barley, one and three-fourths cent 
per pound ; wheat, $2 to $2.25 per 100 pounds. There is no good timber in 
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the district, but plenty of firewood on the foot-hills about PlacerN'ille. 
The El Dorado Water Company's ditch runs near the town, and is nsed 
by the gravel mines in the vicinity. It is 48 miles long. 

The district has 4,000 inhabitants, three stage and many freight lines. 
Stage-fare to the railroad terminus^ Shingle Springs, is $1.50 ; freight is 
25 cents per Imndred. The district has fonr churches, three school- 
houses, twelve stores and two banking-houses. Game consists of deer, 
rabbits, partridges, and quail. The country roads are good. There are 
a few Digger Indians in the district. 

WASHINGTON DISTRICT, CALAVERAS COITNTY, CALIFORNIA. 

Washington district was discovered in 1869, and has since been con- 
tinuously worked. It is situated 40 miles from Milton, the nearest rail- 
road point, via San Andreas. No survey has ever been made, except of 
the claim oy the Land Office. The mines are on the west slojye of foot- 
hills of the Sierra Nevada Mountains, the range l>ing north and south, 
and the spurs and foot-hills in all directions. The waU-rock is dark, 
gi'ayish-blue basalt, and the country -rock near bluish-mica slate. This 
limestone occurring on the east, north, and south of the mineral deposits, 
is probably Tertiary. The working of ore is by the wet process, and the 
ore is combined with galena, quartz, and pyrites, the principal base 
metals being copper, lead, ana iron. Gold is also found native. There 
are no silver-bearing ores here. 

The principal mines are the Sheep Ranch and the Chavaune. The 
fonner has a shaft 240 feet deep, and the ore is hoisted in buckets by 
steiun. It employs at present 30 men. It has paid its way as the work 
progressed, never having had any working capital. BulUon worth 
8300,000 has been produced from this mine. A 00-horse-power engine 
is used. The Chavaune has a shaft 170 feet deep, and lies on the east 
l)art of the same vein. No ore has been taken out, but the mine is still 
being prospected. Twenty men are at work, and a 12-horse-i)Ower engine 
is in use. A 10-stamp mill is in course of erection by the owners of the 
Sheep Eanch Mine, to be run by water-power and an overshot wheel. It 
has now 5 stamps and a battery. 

The average cost of mining and milhng labor is $3 each per day. The 
sources of supply for hay, grain, and other produce are abiuidant. There 
is plenty of firewood, and timber in the northeast part of the district is 
abundant. A flume furidshes the mills with water, and the supply is 
limited. The district has 150 inhabitants, one school-house, two store.'^f 
and supports one stage and several freight line^^. The game found con- 
sists of deer, quail, and grouse. The country roads are good. Then* 
are a few Digger Indians in the district. 

CASTLE PEAK DISTRICT, MONO COUNTY, CALIFORNIA. 

This district was discovered and organized in 1804 by John Till, and 
mines have been worked at intervals. It lies 90 miles from Carson, Xev., 
via Genoa, Williams Station, and a branch road. It has been examined 
by Prof. J. D. Whitney, geologically. The position of the ledges is 
on the side of a canon, the direction of the lodes north and south, and 
the ore is often found in pockets. The ledges dip to the west, or into 
the mountain; their hanging- wall is slate, and foot- wall granite and 
diorite porphyry. The paying streak is from 3 to 6 feet wide. The dis- 
tance between the two walls in the Dunderberg Mine is stated to be 102 
feet. No fossils in the \'icinity. The mean of 125 assays of Dunderberg 
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ore was at the rate of 847.87 i)er ton. The roasting process has been in 
use. The chai^acteristics of the ores are much pyrite, quartz, native 
gold, ruby silver, a little native silver, and auriferous pyrite. Gold is 
sho\m in the silver-bearing ores in the district, and the base metal is 
iron. 

The principal mines worked are the Dunderberg and the Glen Mono, 
very little bullion having been taken from either, however, while $75,000 
haft been spent upon the former and $6,000 upon the latter. The Dun- 
derberg ha« a tunnel 712 feet long, going 600 feet before tapping the 
le<lge. It runs east and west, and at the head drifts extend north and 
south, the north drift being 280 feet long and the south 120. The tunnel 
is 6 feet high by 5 feet wide, and there is a prospecting shaft 60 feet 
deei). The Glen Mono Mine has a shaft 28 feet deep, and work upon it 
hiis been stopped for want of funds. There is one mill of 10 stamps, 
weighing 700 pounds each, and 2 batteries, 2 pans, 1 settler, amalgama- 
tion process, and hot straining of the amalgam. There is one boiler and 
an engine oi 25-hor8e power. 

The average cost i)er ton for mining ore is $2 ; for roasting, $10 to $12 ; 
mining-labor per day, $4 ; milling-labor, $4 ; average amount of ore that 
ciiii be stoped by one man per day, 3 to 4 tons. The average cost per 
foot tor running a tunnel on main veins is $15 to $25. 

Hay is abundant, at $15 per ton, bailed ; barley is 5J cents per pound. 
Good timber is also abundant, and there is water near the mines, in Dog- 
town Creek^ in sufficient quantity. 

The distnct has about 200 inhabitants, one church, one school-house, 
and one store. There are several freight-lines both to Carson and 8o- 
noi^, and charges are 2 to 2 J cents per pound. The stage-fare to Carson 
is $25. The country roads are good, and the game found in the district 
consists of deer, rabbits, sage-hens, and grouse. Indians in this district 
belong to the Pah-Utes. 

ALPINE DISTRICT, ALPINE COUNTY, CALIFORNIA. 

This district was discovered in 1861, and work commenced in it in 
1802, since which time it has been continuous. In 1864 a part of Alpine 
was included in Eaymond district, but put back in 1877. The distance 
to Carson, Nevada, via Woodford's and Genoa, is 38 nnles. 

The mining ledges occur both in the canons and on the ridges, the 
freneral trend of the mountains and ridges being east and west. The 
direction of the lodes is north and south, while the veins dip to the east^ 
and are supposed to be fissures. The wall-rock is diorite and diorite 
jxirphyry. The geological age of the rock in the vicinity is probably the 
same as that about the Comstock lode, 45 miles distant across the Car- 
son Valley. Water-level has been reached in the veins of the Illinois 
California Silver Mining Company's mine. Ores are workeil by both 
the wet and roasting process. The gangue is quartz, and the chief base 
metallic iron. Native gold, pyrite, ruby silver, and argentite occur, and 
there is gold present in the silver-bearing ores. 

The principal mines now worked are as follows: 1. The Illinois Cali- 
fornia, its vein being called the Great Eastern Lode. It has a tunnel 
1,290 feet long. 4 feet 6 inches wide, and 6 feet 3 inches high. It has a 
paid-up capital of $100,000^nd has expended $60,000. Four men are 
at work in this mine. 2. The Galena Ledge, with a tunnel 400 feet 
long, on which $10,000 has been spent. 3. Tlie Good Hope Ledge, 
with a tunnel 400 feet long. On this ledge $15,000 has been expended. 
4. The Centennial, formerly the George Law, with three tunnels — ex- 
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pendtHl, alK)ut $20,000. 5. The Silver Cloud Gold and Silver Mine, ou 
which $12,(K)0 has been exi)ended, and which ha8 a tunnel, and a shaft IHi 
feet deep drifted to the led jre. It has the only patent in the district. Five 
companies are located in the (xalena Lode. In the Mount Bullion Tuu- 
nel 8«">0,000 has been 8i)ent, and not much bidlion has yet been produced 
in the district, as the mines are in their infancy. There is but one mill, 
the Pioneer, built in 1803, at a cost of $75,000, with 10 stamps, workecl 
by water-power. A turbine-wheel has been rephiced with an overshot 
24 feet in diameter. There are 3 pans and 2 or 3 settlers. The amal- 
gamation process Ls in use. 

But little ore has been mined. The cost of mining labor is $4 per day, 
and of milling labor, $3.50 to $4. The supplies of hay, grain, &c., are 
good, and there is plenty of timber just south of the district, and some 
wood on the hillsides. Price of firewood, $4.50 i>er cord. The Carson 
River flows through the district, and there are flumes coming over from 
the mountains. 

The district contains about 200 inhabitants, one church, several school 
houses, and two or three stores, and has good roads. There are a few 
Pah-Utes. Game consists of deer, rabbits, and grouse. 

WEST WALKER RIVER DISTRICT, MONO COrNTY, CALIFORNIA. 

This district was settle<l by i>eople from Marys\ille, Cal., in 1862, and 
the mines have been worke<l at intervals up to and including 1875. It 
lies 50 miles from Carson, Xev., by Genoa Mountain House, and the 
Aurora road. A very small area, 4 miles long and very narrow, is C4)v 
ered by the croppings, the direction of which is north and south, aloup 
the ridges and foot-hills. The wall-ix)ck is mica slate, and the vein is a 
fissure one. Xo fossils are foun<l withm 40 miles. 

The chief characteristics of the ores are ])yrite, white quartz, a very 
little silver, and not much base metal. There is some native gold, and 
gold in the silver-bearing ores. The wet proc^ess is used in workinjj. 
The ])rincipal mines are the !Nai)oleon and Allan's. The former has two 
shafts, one 50 fe<3t deep, and two tunnels aggregating 900 feet in length, 
from the bottom of one of which a shaft was sunk. A sale of this mine 
for 800,000 failed on account of the Chicago fire. About $18,000 has 
been expended on it, and little buUion taken out. In Allan's mine there 
is a shaft 50 feet deep and 8 feet in diameter, sunk in syenite gi^anite. 
One man was at work in it in 1877. There are no mills in the district. 
Milling labor costs $3 to $3.50 per day, and the cost per foot for runninjj 
a tunnel on a main vein is less than 88^ and ^S for sinkuig a shaft. Botli 
shafts in the Najwleon Mine are sunk in the xem. 

Hay is abundant in the district, and there is firewood on the spurs of 
the Sien-a Nevadas. The West Walker River flows through the dis 
trict and has some small tributaries, so that water is abundant. Theiv 
are about 100 inhabitants and a few Pah-Ute Indians. There are one 
church, one school-house, and one store, and good roads. The game i> 
rabbits, quails, and an abundance of sage-hens. 

CONFIDENCE DISTRICT. TUOLUMNE COUNTY, CALIFORNIA. 

This distiict, 47 miles from Milton, the nearest raikoad station, was 
disco\Tre<l in 1850, and has been worked at intervals and continuously 
since 1870. It has been investigated by the California Geological Sur 
vey ; its mining ledges are on the ridges of the western foot-hills ; the 
trend of the near mountains is north and south, and the marked spur> 
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and ridges have an east and west trend, while the general direetion of 
lodes, deposits, and stratifications is north and south. Granite is the 
wall rock, and there are fissure veins. The ores often yield as high as 
$200 per ton, the lowest assay giving $6 and the highest $2,800, and 
they are worked wet. Water has been reached in the veins. Quartz is 
the gangue, and the characteristics of the ores are galena, native gold, 
and silver. 

The only mine now worked is the Confidence, having a shaft 700 feet 
deep. The A^ein is from 2 to 18 feet wide. The company own 3,550 
linear feet. In October, 1877, the only work being done was pumpibg. 
About $700,000 has been expended on this mine, and bullion exceeding 
that value has been extract^. It has a 40-stamp mill, costing $68,000, 
and an engine of 100 horse-power. There are three arrastras — no pans 
nor settlers. The amalgamation process is used. The average cost of 
mining and milling labor is $3 per day for eaeh. Four tons per day can 
be stoped per man, on an average. 

Hay, grain, and produce are abundant, though the sources of farm 
produce are out of the district. Timber and firewood are plentiftil, but 
water is scarce. A flume supplies the mine. There are 400 inhabitants, 
ami a few Wa«hoe and Digger Indians ; one school -house and one store. 
The roads are good, and deer, rabbits, grouse, and quail are the princi- 
pal game. 

MONITOR DISTRICT, ALPINE COUNTY. CALIFORNIA. 

This district, 44 miles from a railroad, was discovered and organized 
by Fra.nk Jones, in 1861, and has been worked at intervals, viz, from 
1861 to 1867, by prospecting and driving two tunnels, and from 1867 to 
1869 the Tarshish Mine was worked. Then until 1876 but little work was 
done, when the Advance Mine was started, but soon suspended, the 
Globe Mine following a similar course in 1868. . The district has not been 
surveyed. 

The positions of the mining ledges are in the foot-hills and mainly on 
the sides of canons. The mountain trend is north and south, and that 
of the foot-hills slightly to the northeast. The general direction of lodes 
and deposits is northwest and southeast. Diorite porphyry is the wall- 
rock, and the direction of the slopes and planes of the hanging and 
foot walls is eastward. The wall-rock on the east side of the Tarshish 
Mine is white quartzite, stained red in places; and on the west side dio- 
rite, and also basalt. No fossils are found in the country-rock. 

Tlie ores are worked by the roasting process. Their characteristics are 
argentite, pyrite, hexagonal crystal of quartz, and malachite and black 
oxide of copper occur. No ruby silver is found. The gangue is white 
quartz, and the chief base metals are iron and copper. The bullion con- 
tains 15 per cent, of gold from the silver-bearing ores. 

The Tarshish Mine, now called the Colorado Claim, is situated on the 
north side of Monitor CafLon. It has two tunnels driven in the hill-side, 
and a winze between them. The lower tunnel is 1,860 feet long, and 
has four drifts from it, and the upi>er tunnel is 580 feet long. The aver- 
age width of the vein is 75 feet; average assay of ore, $85 per ton. 
About $240,000 has been expended on this mine, and $25,000 worth of 
bullion taken out. The Advance Mine, at Bullion, on Carson Kiver, has 
a shaft 200 feet deep and a tunnel on the surface 200 feet long. The 
Bullion Mine has a tunnel 2,300 feet long, and has expended 850,000. 
On mines in the district the sum of $400,000 has been spent, including 
$100,000 on the Globe Mine. There are two mills in the district. The 
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Tarsbisli mill has 20 stamps, and cost $75,000; they weigh 750 pounds 
each, and have 85 drops per minute. There are pans, with metallic 
bottoms and wooden sides; G settlers; amalgamation process; engine 
of 140 horsepower, 18-inch cylinder, and 2 boilers. There* is also a 
roasting-funiace— White's patent. The Advance mill, at Bullion, has 10 
stamps, weighing about 800 i>ounds each, with 95 drops per minute. A 
turbine-wheel and water-power are used. The mill turns out 10 tons 
per day. It has a McGlew roasting-funiace turning out 5 tons per day. 
The Globe mill has been torn down. Cold-straining of the amalgam is 
in use. 

The average cost per ton for mining ore is $4 ; for roasting, $15 ; for min- 
ing labor ]>er day, $4; for milling labor, $3.50 to $4; amount of ore that 
can be stoped by one man in a day, 3 tons; extracted by one man, 1 ton; 
average cost per foot for running a tunnel on main vein, $10; for sink- 
ing a shaft on main veins, $30. 

The present source of sui)ply of grain, h^^, and farm produce is abmi- 
<iant. Firewood costs $4 i)er cord. There were about 200 inhabitants in 
the district in 1877, and a few Pali-Ute Indians. There are one church, 
one school house, and three stores. The roads are good, and rabbits, 
quail, and grouse constitute the game. 

SHAVER MOUNTAIN DISTRICT, ALPINE COUNTY, CALIFORXIA. 

This district was discovered by Norwegians and Swedes in 1861, and 
is 49 miles from railroad communication via Markleeville and Genoa. 
Little work was done in it until 1872, since which mining ha« continued 
pretty steadily. Seven sections include the mineral croppings, in an 
area of quadrilateral shape, the trend of the longer axis being nortli 15^ 
to 20O west. The district nas been examined by Prof. J. D. Whitney, 
and the township has been surveyed by Mr. L. L. Hawkins. The min- 
eral ledges are all on top of the mountains and cross the ridge line at 
right angles, and the general direction of lodes is north 15° west. The 
lodes generally cut across the dip of the country-rock ; the vein is from 
3 to 7 feet wide. The wall-rock is bluish diorite and diorit^i porphyry, 
occasionally passing into feldspar iK)rphyry, and the direction of 8loi)es 
and planes of the hanging and foot walls of the veins nearly east and west, 
or at right angles to the strike. The veins are said to be permanent. All 
rocks in the vicinity are igneous and metamorjihic. 

The ores are roasted, and yield $15 i)er ton, average, thougli near the 
surface there are many tons that would yield at the rate of $200 each. 
In the I X L the ore grows poorer as descent is made. Water-level 
has not been reached. The characteristics of the ore are light and dark 
ruby silver, argentite, stibnite, and jiyrite; no lead, copper, nor zinc. 
The gangue of the Exchequer is quartz of all colors, and of the I X L, 
white quartz. Assays show 10 i)er cent, of gold in the silver bullion. 

The i)rincipal mine« now worked are as follows : 1. The Exchequer, 
with £200,000 capital. It has a shaft 400 feet deep, a tunnel 960 feet 
long, and 4 galleries, one at every 100 feet, averaging 400 feet in length. 
2. The I X L, with £100,000 ciipital, which has two tunnels, one 400 
feet long and the other, 100 feet below it, 960 feet long, and a shaft 310 
feet deep, whic^h is being sunk further. 3. The Isabella Company's 
claims, on the Pine Tree, Adolphus, and other lodes in the Scandinaviau 
Canon — capital £150,000 ; there is a shaft 100 feet deep on one of the 
claims. 4. The Silver Mountain Mine, with two tunnels, each 100 feet 
long. 5. The Lady Franklin Mine, on the south extension of the Ex- 
chequer, with a tunnel on the ledge 100 feet long and a shaft 80 feet deep. 
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Some good ore has been taken out. 6. The Mountain Gold and Silver 
Mining Company's mine, near the southern end of Silver Mountain City, 
with a tunnel on the lo<le for 2,000 feet. In September, 1877, not much 
work was being done in these mines for want of funds. The United 
States mining commi8sioner has recommended further work on some of 
these mineR which he examined. Including office-expenses, the sum of 
$200,000 has been spent on the I X L and Exchequer Mines, $3,000 on 
the Isabella, and $2,000 on the Silver Mountain. The first has yielded 
$100,000 and the second $5,719. The Exchequer mill cost $47,000 ; has 
IS stamps, weighing 750 pounds each, with 1)0 drops per minute; 6 
\Mieeler pans, 4 feet in diameter; 4 8-foot settlers; 1 Knox clean-up 
pan ; 1 engine with IS-inch cylinder and 30-inch stroke and 120 horse- 
l>ower; 2 boilers, 50 inches in diameter and 16 feet long ; 2 large retorts 
and a complete assay-office ; and a saw-mill run by water power. It is 
a dry-cnushing mill with a 30-ton O'Hara roasting-ftimace, with a double 
hearth 85 feet long. The capacity is 30 tons in 24 hours : cost, $10,000. 
Only 5 per cent, is lost by this furnace. The capacity of the mill is 20 
tons a day. The I X L mQl has 20 stamps, weighing 750 pounds each, 
awl cost $60,000. There are dry -crushers and double-discharge mortars, 
8 Wheeler pans, 4 8-foot settlers, 2 large agitators, 2 Knox clean-up pans, 
2 large retoit-fumaees, and an engine similar to that of the Exchequer. 
Cold-straining of the amalgam. 

The average cost per ton for mining ore is $4: for roasting and mill- 
ing, 89 ; for mining labor per day, $4 ; milling labor per day, engineers, 
$4.50 ; battery-feeders and pan-*meri, $3.50 ; all others, $3. Amount of 
ore that can be stoped by one man per day, 3 tons ; that can be extracted, 
1 ton. Average cost per foot for running a tunnel on main veins, $9, 
and for sinking a shaft on a main vein, $30. 

The source of supply of grain, hay, and farm produce is good. Wood 
costs about $5 per cord, and conifers are abundant on the neighboring 
hills. Silver Creek flows through the district. There are about 100 
inhabitants, good roads, one school-house, and three stores. The prin- 
cix>al game is quail. 

IOWA DISTRICT, OKEIDA COUNTY, IDAHO. 

This district was discovered by Fairchild S. Babcock apd F. McCoy, 
and organized September 13, 1870, and a quartz district July 8, 1877. 
IMacer-mining has been continuous since the first organization. The 
quartz-mining consists in prospecting ledges. The mines are 150 miles 
from Corinne, the nearest station on a railroad, and have a post-office, 
Iowa Bar, located near. Gold is always found in any of the rock con- 
taining iron, and magnetic-iron ore is found in all the placer-mines at 
the base of Mount Pisgah, where the Iowa placer-mines are situated. 
Six companies are here working, by hydraulics, about five months of the 
year, and the yield is about $40,000 for the five months. There are 40 
Americans and 100 Chinese at the mines, and game of all kinds is found 
in the \icinity. Freight from Corinne is $3 per 100 pounds. The dis- 
tinct embraces the country- drained by Iowa Creek, Anderson Gulch, 
Eagle Creek, Jack Knife and Tin Cup Runs — an area of 15 miles north 
and south by 10 miles east and west. Mount Pisgsih is the center of the 
quartz district, is 9,000 feet high, and ranges northwest and southeast. 
On the west it slopes to Day's Lake. The ledges on the south of the 
mountain have an almost x)erpendicidar strike, and on the west a dip of 
about 350 to the southwest. The ores of the vicinity are iron, copper, 
lead, manganese, silver, and gold. These mines were visited and reported 
upon by Lieutenant Tilhnan in 1877. 
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COAL IN BEAR AND GREEN RIVER BASINS. 

During the season, a hasty glance was taken at beds of coking and 
non-coking bituminous coal on Twin Creek, that entera Bear River from 
the east; and at croppings southeast from its head, in the basin of Green 
River; and at Alta, near Evanston, on the Union Pacific Railroad. 
These beds are all in Wyoming, north of the Union Pacific Railroad. 
Twin Creek joins Bear River at an approximate distance of 50 miles 
from Evanston, and the coking deposits are found about 2^ miles to the 
eastward from the road leading fi'om the Union Pacific Railrqad to the 
northwartl, along the east bank of the river. The deposits on Twin 
Creek near Bear River Valley (property of the Wyoming Coal and 
Coking Company) show croppings of a number of veins, upon one of 
which a tunnel has been run, developing at a short distance from the 
surface a vein of compact bituminous coal. The beds, sensibly parallel, 
have a westerly dip of over 30^, with a course slightly to the west of 
north. Twin Creek is about 200 yards to the southward of the hill, 
several hundred feet in elevation, in which the veins are found. Fair 
samples of coke, made from furnaces on the ground, were shown by 
Messrs. Smith Brothers, in charge of the mining works. The quality is 
excellent, with the exception of slight impurities that can, doubtlessly, 
be remedied by ^norkuig the ore. The present development indicates 
that a quantity of coking coal can be obtained fix)m two of the veins 
followed, and fiirther exi)loration will better show the extent and thick- 
ness in dei)th of the several veins. The most immediate markets at 
present are the mines in Utah about S-ilt Lake Valley, and those of 
Eureka, Nev. The present means of communication is by wagon-road 
to Evanston ; thence via Union Pacific Railroad and Utah Central Rail- 
road to Silt Lake; and Union Pacific Raih'oad, Central Pacific Rail- 
roiid, and Eureka and Palisades Railroad to Eureka. Coal from Connells- 
^ille, Pa., has mostly furnished the Utah markets, a small amount bein^ 
derived from beds in Sam Pit-ch Valley, Utah. Eureka has dei)ended 
largely upon charcoal. The presence of coking-coal in this locality, 
evidently in connection with the late sedimentary rocks, and in tlie foot- 
hills bordering Twin Creek, that near its source shows in hills of semi- 
circular character extended beds of non-coking bituminous coal, may be 
considered singular. The locality should be closely studied ftx)m a geo- 
logical point of view. 

In traversing the valley of the creek to the eastward, the character of 
the rock-beds changes in coloration. A number of bold white, gray, and 
yellowish-tinted bluffs to the north were being explored for fossil fishes, 
leaves, &c., of which large numl)er8 had been found. Near the source, 
a number of be<ls of a light, highly lustrous, pure bituminous coal were 
noted. A number of these have been slightly opened. The same tilt 
to the westward is noticed, with a dip almost northerly, and the number 
of distinct veins reaches eleven. Explorations cannot fail to develop 
a large amount of fuel-coal from these beds. 

To the south and eastward, a distance of 20 to 25 miles, croppings from 
bluff-like sandstone walls facing the Green River drainage are found,' 
and specimens were secured from the tunnel upon the Mammoth Vein, 
so called, for which a face thickness of 50 and normal thickness of 40 
feet is claimed. This A'ein has a less dip to the westward, and appar- 
ently is persistent for a considerable distance along a nearly northerly 
course. These prospects, with those of the Upper Twin Creek, and others 
of a similar character said to be found a short distance to the northward 
are of themselves indications of extensive deposits along the water -sheds 
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leading north from the Union Pacific Eailroad, between the Green and 
Bear Rivers. !No opiwrtunity has presented it«elf for obtaining analyses 
of the specimens, and the time at di8iK)8al precluded the determination 
of the profiles of the beds. A hasty look was taken at the veins opened 
by the Central Pacific Railroad and Union Pacific Railroad at Alta, near 
Evanston. These beds produce large quantities easily mined, and may 
do so for years to come. The quality is far inferior to that of specimens 
near the surface from veins to the north. These mines have been, it is 
believed, visited and described by other government parties. 

NATXJBAJL HISTORY (INCLUDING GEOLOGY, ZOOLOGY, BOTANY, ETH- 
NOLOGY, ETC.). 

Mr. A. R. Conkling submits a geological report of his examinations 
along the Sierra Nevada, to the southward of areas hitherto visited by 
him, which is herewith forwarded. (See Appendix I.) He has also col- 
lected such number of minerals, fossils, and ores as practicable in view 
of the limited amoimt of, and diniculties attendant upon, transportation. 
Mr. H. W. Henshaw presents a preliminary report (ApjTcndix J) of his 
season's work, that has embraced collecting in other branches than that 
of ornithology, to which his time was especially devoted. A report of the 
fresh-water fishes collected by the expeditions of 1875, 1876, and 1877, 
prepared by Prof. D. S. Jordan and H. W. Henshaw, is forwarded and 
marked Appendix K. Appendix K 1 gives a list of salt-water fishes 
collected off the coast of Southern Califojnia in 1875, accompanied with 
notes by Dr. H. C. Yarrow and H. W. Henshaw. A report upon the 
reptiles and batrachians collected in 1875, 1876, and 1877, made by H. 
W. Henshaw and Dr. H. C. Yarrow, appears as Ai)pendix L. 

Prof. P. W. Putnam has, as his professional duties have permitted, 
advanced toward completion his portion of the manuscript for Vol. 
VII, Archaeology. The remainder of the manuscript, with cuts accom- 
panying the same, it is expected will be received in season to be for- 
warded finally prepared for the printer as soon as proof for Vol. VI 
shall have been completed. 

The following collections in natural history have been added during 
the year, viz: 

LIST OP NATURAL-HISTORY COLLECTIONS MADE DURING THE FIELD SEASON 

OF 1877. 

MamniAls specimens.. 8 

Mammals (alcoholic) do 6 

Mammal crania.. .» do 4 

Birds do 200 

Birds (alcoholic) do 28 

Bird sterna do 9 

Birds' nests.... do 16 

Birds' eggs do 665 

r'"''- !fc:::^ 

Snakes ., do 8 

Lizartls do 3 

Araohuida do 3 

Hemiptera do 2 

Orthoptera do 8 

Hvmenoptera do 1 

Shells do 8 

Diatoms do 12 

Minerals, &c specimens.. 63 

Mineral waters localities from.. 6 
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The number of specimens forwarded to the Smithsonian Institution 
during the year, as a donation to the museum, is herewith given : 

KATURAL-HISTORT COLLECTIONS FORWARDED TO THE S^HTHSOXIAX INSTITrXE 

DURING THE FISCAL YEAH 1877. 

Botanical specimons, 2,100 (350 species). 

Ethnological specimens, 366, apx)roximate, including the following : 

California. 

Lot 1. Abalone shells (paint-cups), beads, paint, &c. 

Lot 2. Twelve abalone shells (i)aint-cup8). 

Lot 3. Four stone paint-cups, and othera in fragments. 

Lot 4. Fifteen stone jiestles. 

Lot 5. Fourteen stone pipes. 

Lot 6, Eleven grinding-atones. 

Lot 7. Many fragments of bones. 

Lot 8. Steatite vessels, in fragment ai*y condition. 

Lot 9. Nine stone mortars (large). 

Lot 10. Twelve stone mortars (small). 

Lot 11. Thirty-nine steatite vessels, large and small, with many fragments. 

Utah and New Mexico, 

Lot 12. Foot grinding^stones, 3 stone hatchets, 2 stone pipe«, 4 stone implements. 
Lot 13. Many fragments of ancient pottery. 

Recent 

Lot 14. Six small earthen pots, 1 large, 4 bird-8ha]>ed vessels, 8 liuman figures. 

Lot 15. One powder-horn, buUet-iiouch, and game-ba^, and 2 bows and quivers, 19 
arrows, 3 quivers, 56 arrows, 2 fishing-implements, 1 hair lariat, 1 hair bridle, 2 beaded 
shirts, 1 pair pants, beaded, 1 Navajo sash, 1 pair squaw's boots, beaded, 1 saddle-bag, 
1 Jemez shield. 

SPECIMENS FORWARDED TO ARMY MEDICAL MTJSEUM DURING 1877. 

Birds and crania (alcoholic) 27 

Bird sterna 10 

Mammals (alcoholic) 2 

Prof. J. J. Stevenson and his assistant occupy a field where the map- 
ping has been done in advance, and of which the geology is but little 
known. The greater facility of traveling with this preliminary informa- 
tion at hand, combined with the small-sized and consequently more 
rapidly-moving paity required, will, it is believed, render more satisfac- 
tory all observ^ations to be made, in accuracy, completeness, and rapid- 
ity. Should the plan of dividing the allied scientific examinations from 
the map-work pro])er prove successful, the latter can proceed with more 
rajndity, thus satisfying earlier the wants of the War Department, and 
permitting the special iuA-estigations to follow as rapidly as practicable. 

PUBLICATIONS. 

During the year the following maps have been completed, issued, and 
published : 

Progress map, edition of 1878, and ten topographical atlas sheets, 
viz : 41 B, 47 B, 47 D, 61 A, 61 C, 62 A, 62 C, 69 D, 77 D, and 84 B. The 
regular topographical sheets accompany the extra copies of the annual 
report printed for the use of this office. Land classification in colors is 
shown upon several of the topographical sheets, and will be added to 
aU, as time permits. 

The quarto volume number II (astronomy and barometric hypsometrj') 
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has been issued from the press, as also the catalogue of the mean decli- 
nations of 2,018 stars. 

Two thousand extra copies of the Annual Keport of 1877, from this of- 
fice (Appendix X N, Annual llepoit (liief of Engineers) have been pub- 
lished, accompanied in separate binding by the following atlas sheets, 
viz : 53 0, 61 B, 61 C sub, 61 D, 65 1), 69 B, 70 A, 70 C, and 77 B. 

The list herewith shows the number and titles of the several reports 
and maps publishe<l as residts of the survey to date, and also those 
awaiting publication. The reports now being submitted by this office 
include the annual reports of operations made at the close of each fiscal 
year to the Chief of Engineers, and incori)orated in his report, a certain 
number of extra copies being printed for the use of the 8iu*vey ; and the 
quarto reports authorized to be published by act« approved Jime 23, 
1874, and February 15, 1875. The numl)er thus far authorized by the 
dejjartment is seven quarto volumes, of which two thousand copies are 
publijshed in pursuance of the above acts, twelve hundred copies of 
which are forwarded, as each volume appears, to the Senate and House 
of Bepresentatives of the United States, and eight hundred to the War 
Department for its uses. The maps and reports placed at the disposal 
of this office for distribution are sent in the main to prominent libraries 
and institutions of learning, and learned societies at home and abroad, 
and to pra<».tical workers in the several scientific branches treated. The 
number printed is inadequate to the above requirements, and the in- 
creasing calls for the various reports attest the appreciation ^ith which 
they are received. The maps prepared, issued, and published are of the 
regular topographical and geological series of atlas sheets, and the au- 
thorized maps of si>ecial subjects and upon various scales, of which 2,000 
copies are printed of each in addition to those appearing with the an- 
nual reiH>rts. These maps, as also annual reports, are distributed 
largely in the areas occupied by the survey, to the Army at large, and 
to the various departments of the government. Experience thus far in- 
dicates that the number of reports and maps published is much less 
than might apparently be distributed with advantage commensurate 
with the comparatively slightly increased expense of printing additional 
copies. 

It is believed that the results of the survey ai>pear in the best shape 
for distribution and use as annual reports of operation^, octavo, accom- 
]>anied by maps issued diunng the year, and in special reports, author- 
ized by the department to be prepared and issued at such intei-vals as 
the material gathered in any one branch seems to justify. It is sug- 
gested that the total number of each of the quarto reports and accom- 
I)anying maps printed should be not less than five thousand. At i)res- 
ent the same report is distributed through three sources, i. e.. Congress, 
the department, and the office of the siu^vey. It is plain that the oppor- 
tunity for duplicating in the distribution to individuals exists, and that 
the same ])lan of distribution is not pursued by all into whose hands the 
publications fall for this puri)ose. 

The several quarto volumes are stereotyi>ed as issued, and the litho- 
grai)hic stones belong partly to the goverinnent, and will be held in 
most instances for an interval not exceeding two years by the lithog- 
rapher. -Congress can at any moment authorize the publication of an 
extra number, and it is resi)ectfully suggested that the distribution con- 
templated by this office can be made more complete and satisfactory 
were an additional niunber of not less than 500 allotted for its uses. 
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LIST OF REPORTS AND MAPS. 

The following is a list of publications (rei>orts and maps) made prior 
to June 30, 1878 : 

1. Preliminary E€5)ort upon a Reconnaissance through Southern and 
Southeastern Nevada in 1869. Quarto, 72 pages. 

2. Preliminary Report concerning Explorations and Surveys, princi- 
pally in Nevada and Ari2ona, &c., in 1871. Quarto, 96 pages, with maps. 

3. Progress Report upon Geographical and Geological Explorations 
and Surveys west of the 100th Meridian, in 1872. Quarto, 56 pages, 
with skeleton map and five plates. 

4. Annual Report upon the Geographical and Geological Surveys and 
Explorations west of the 100th Meridian, &c., in 1873 ; being "Appendix 
EE, Annual Report Chief of Engineers.'' Octavo, 11 pagas, with skele- 
ton map. 

5. Annual Report of Geographical Explorations and Surveys west of 
the 100th Meridian, &c., in 1874 ; being "Appendix FP, Annual Report 
Chief of Engineers." Octavo, 130 pages, with progress map. 

6. Annual Report upon the Geographical Explorations and Surveys 
west of the 100th Meridian, &c^ in 1875 ; being "Appendix GG, Annual 
Report Chief of Engineers." Octavo, 196 pages, with progress and tri- 
angulation maps and 38 illustrations. 

7. Annual Report \ipon the Geographical Surveys west of the lOOth 
Meridian, &c., in 1876 ,• being "Appendix JJ, Annual Report Chief of 
Engineers." Octavo, 355 pages, with 9 maps, 15 illustrations, and 7 
separately folded topographical atlas sheets. 

8. Annual Report uiK)n the Geogi'aphical Surveys west of the lOOth 
Meridian, &c., in 1877 ; being "Ai)pendix NN, Annual ReiK)rt Cliief of 
Engineers." Octavo, 133 pages, T^ith progress, sketch, and profile maps, 
and 9 separately folded atlas sheets, 7 of which are of the land classifi- 
cation series. 

Quarto reports. 

9. Volume II. Astronomy and Barometric Hypsometry. In two parts, 
with 22 plates and 3 wood-cuts, 566 pages, with indexes. 1877. 

10. Volume III. Geology. In six parts, with 13 plates and 171 wood- 
cuts, 661 pages. 1875. 

11. Volume IV. Paleontology. In two parts, with 83 plates and 
accompanying explanatory notes, 581 pages, with indexes. 1877. 

12. Volume V. Zoology. In 16 chjipters, with 45 plates, 3 wood-cuts, 
and separate indexes, 1021 pages. 1875. 

Special reports, 

13. Tables of camps, distances, lines of march, &c., suri'eys and explo- 
rations in Nevada and Arizona. Oblong folio, 14 pages. 1871. 

14. Tables containing camps, distances, lines of march, longitudes, 
latitudes, altitudes, &c., explorations and surveys in Utah, Nevada, and 
Arizona. Quarto, 43 pages. 1872. 

15. Report upon the determination of the astronomical co-ordinates of 
the primary stations at Cheyenne, Wyo., and Colorado Springs, Colo., 
&c. Quarto, 82 pages. 1874. 

16. Keport upon vertebrate fossils discovered in New Mexico, with de- 
scriptions of new species. Octavo, 18 pages. 1874. 

17. Preliminary report upon invertebrate fossils, with descriptions of 
new species, &c. Octavo, 27 pages. 1874. 
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18. Catalogue of plants coUected, with de8crii)tioD8 of new species 
Octavo, 62 pages. 1874. 

19. lieport upon ornithological specimens, &c. Octavo, 148 pages. 
1874. 

20. Systematic catalogue of vertebrata of the Eocene of Xew Mexico, 
&c. Octavo, 37 pages. 1875. 

21. Logarithm, traverse, and altitude t ables. Octavo, 30 pages. 1875. 

22. Instructions for taking and recording meteorological observations, 
and for x>i'e8erving and repairing instruments, &c. Octavo, 64 i)ages. 
1875, 

23. Barometric h5T)8ometry instructions. A re\d8ed edition of the pre- 
ceding. Octavo, 88 pages. 1876. 

24. List of longitudes, latitudes, altitudes, &c. Quarto, 22 pages, 
with blank tables, being an extract from Vol. II of the quarto reports. 
1877. 

25. Catalogue of the mean declination of 2,018 stars between 0** and 2^ 
and 12*» to 24^ right ascension, and 10^ and 70^ of north declination, &c. 
Quarto, — pages. 1878. 

MAPS. 

Topographical atJns, 

1. Title-page. 

2. Sheet of conventional signs. 

3. legend sheet. 

4. Sheet of that portion of the United States lying west of the 100th 
meridian, showing ninety -five numbered rectangular divisions, each to 
apx)ear as a sei)arately numbered atlas sheet, indicating progress of the 
survey. 

5. Drainage sheet, showing by colors the areas of drainage to the Atlan- 
tic and Pacific Oeeans, and of the interior basins of the territory of the 
United States west of the Mississippi. Scale, 1 : 6000000. 

6. Sheet No. 41 B. Southeast coraer of Idaho and pait of Northern 
L^tah. Area, 4,075 square miles ; scale, 1 inch to 4 miles, or 1 : 253440. 

7. Sheet No. 47 B. Part« of Eastern California and Western Nevada. 
Area, 4,178 square miles; scale, 1 inch to 4 miles, or 1:253440. 

8. Sheet No, 47 D. Parts of Eastern California and Southwestern 
Nevada. Area, 4,228 square miles ; scale, 1 inch to 4 miles, or 1 : 253440. 

9. Sheet No. 49. Parts of Eastern Nevada and Western Utah. Area, 
16,813 square miles; scale, 1 inch to 8 miles, or 1:506880. 

10. Sheet No. 50. Part« of Central and Western Utah. Area, 16,813 
square miles ; scale, 1 inch to 8 miles, or 1 : 506880. 

11. Sheet No. 53 C. Part of Central Colorado. Area, 4,228 square 
miles; scale, 1 inch to 4 miles, or 1 : 253440. 

12. Sheet No. 58. Parts of Eastern and Southern Nevada and South- 
western Utah. Area, 17,208 square miles ; scale, 1 inch to 8 miles, or 
1:506880. 

13. Sheet No. 59. Portions of Southwestern Utah. Area, 17,208 
square miles: scale, 1 inch to 8 miles, or 1:506880. 

14. Sheet No. 61 A. Part of Western Middle Colorado. Area, 4,278 
square miles; scale, 1 inch to 4 miles, or 1:253440. 

15. Sheet No. 61 B. Part of Central Colorado. Area, 4,278 square 
miles ; scale, 1 inch to 4 miles, or 1 : 253440. 

16. Sheet No. 61 C. Part of Southwestern Colorado. Area, 4,326 
square mUes; scale, 1 inch to 4 miles, or 1:253440. 

17. Sheet No. 61 C sub. Part of Southwestern Colorado, the San 
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Juan mining region. Area, 1,100 square miles; scale, 1 inch to 2 miles, 
or 1:120720. 

18. Sheet ^o. 61 D. Part of Southwestern Colortulo. Area, 4,320 
square miles: scale, 1 inch to 4 miles, or 1 :2.">3440. 

19. Sheet >"o. 62 A. Part of Centnil C:olora(lo. Area, 4,278 8<iuare 
miles; scale, 1 inch to 4 miles, or 1l2.'>3440. 

20. Sheet Xo. 62 C. Part of Central Colorado. Area, 4,326 sqnare 
miles; scale, I inch to 4 miles, or 1:253440. ' 

21. Sheet No. 65 D. Portions of Southeastern California. Area, 
4,420 square miles; scale, 1 inch to 4 miles, or 1:253440. 

22. Sheet Xo. 66. Parts of Eastern ('alifornia. Southeastern Nevada, 
and Southern Utah. Area, 17,587 square miles; scale, 1 inch to 8 miles, 
or 1:506880. 

23. Sheet No. 67. Parts of Northern and Northeastern Arizona aud 
Southern Utah. Area, 17,587 sqnare miles; scale, 1 inch to 8 miles, or 
1:506880. 

24. Sheet No. 69 B. Parts of Northern New Mexico and Southern 
Colorado. Area, 4,373 square miles; scale, 1 inch to 4 miles, or 
1 : 263440. 

25. Sheet No. 69 D. Part of North Central New Mexico. Area, 4,420 
square miles; scale, 1 inch to 4 miles, or 1:253440. 

26. Sheet No. 70 A. Parts of Southern Colorado and Northern New 
Mexico. Area, 4,373 square miles; scale, 1 inch to 4 miles, or 1:253440. 

27. Sheet No. 70 C. Part of Northern New Mexico. Area, 4,420 
square miles; scale, 1 inch to 4 miles, or 1:253440. 

28. Sheet No. 75. Parts of Central and We.<4tern -fVrizona. Area. 
17,052 s(iuare miles; scale, 1 inch to 8 miles, or 1:506880. 

29. Sheet No. 76. l*arts of Eastern Arizona and Western New .Mex- 
ico. Area, 17,052 scpiare miles; scale, 1 inch to 8 miles, (m* l:5O68S0. 

30. Sheet No. 77 B. Part of Central New Mexico. Area, 4,465 square 
miles ; senile, 1 inch to 4 miles, or 1 : 253440. 

31. Sheet No. 77 I). Portions of Central New Mexico. Area, 4,510 
sqimw miles ; scale, 1 inc^h to 4 miles, or 1 : 253440. 

32. Sheet No. 8.3. Portions of Southeastern Arizi^na and Western and 
Southwestern New Mexico. Area, 18,301 square miles ; scale, 1 inch to 
8 miles, or 1 : 506880. 

Note. — The atlas-sheets, whether to])Ogniphical, land classification, 
or geological, are uniform in size, ea<'h being 19 x 24 inches. The final 
atlas, as at first projected, consists of ninety-five topographical sheets, on 
a scale of one inch to eiglit miles, with a corresponding number of geo- 
logical sheets, showing in color the formations, upon the toiK>graphical 
map as a base. The chissification of lands has been shown. Maps over 
limited areas of regions peculiarly interesting because of their topograph- 
ical, geological, or industrial relations, have been made of larger scales, 
as 1 inch to 4 miles, 1 inch to 2 miles, 1 inch to 1 mile, 1 inch to 1,500 feet, 
all to be reduced, however, finally, and to become a part of the large 
connected map of the area west ot the 100th meridian, on a scale of 1 
inch to 8 miles. 

There are hereafter to be published three senes of maps: (1) Topo- 
graphical, (2) land classification, (3) geological. The reports intended 
hereafter to be submitted are : (1) I^^gidar annual reports of operations 
for each fiscal year, accompamed by topographical and land classifica- 
tion maps issued during the year, and (2) quarto reports, authorized, 
upon siiecial subjects. 
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Geological atlas. 

1. Title page. 

2. Index sheet. 

3. Special sheet^ embnicing portions of Western Utah and Eastern 
Nevada, representing the location and outlines of an ancient fresh-water 
lake, which included the region of Great Salt, Sevier, and Utah Lakes. 
Scale. 1 inch to 17 niiles. 

4. oheet No. 50. Central and West.em Utah. Area, 16,813 square 
miles ; scale, 1 inch to 8 miles, or 1 : 500880. 

5. Sheet embracing half of Nos. 58 and 66, being parts of Eastern Cal- 
ifornia, Southeastern Nevada, Northwestern Arizona, and Southwestern 
Utah : scale, 1 inch to 8 miles, or 1 : 506880. 

6. 0heetNo.59. Portions of Southern and Southwestern Utah. Area, 
17,208 square miles; scale^ 1 inch to 8 miles, or 1:506880. 

7. Sheet No. 67. Portions of Northwestern Arizona and Southern 
Utah. Area>, 17,587 square miles; scale, 1 inch to 8 miles, or 1:506880. 

8. Sheet No. 75. Parts of Central and Western Arizona. Area, 
17,952 square miles ; scale, 1 inch to 8 miles, or 1 : 506880. 

9. Sheet No. 76. Parts of Eastern Arizona and Western New Mexico. 
Area, 17,952 square miles; scale, 1 inch to 8 miles, or 1:506880. 

10. Sheet No. 83. Parts of Eastern and Southeastern Arizona and 
Southwestern New Mexico. Area, 18,301 square miles ; scale, 1 inch to 
8 miles, or 1:506880. 

Note. — ^The geological maps show by colors — ^upon the tojwgraphical 
sheets as a base — ^the principal geological formations, including Archsean, 
Silurian, Carboniferous, Triassie, Jurassic, Cretaceous, Tertiary, Quater- 
nary, and Basalt. 

Land-cloHsificaUon maps, 

showing, by color, ux)on the topographical sheets as a base, the relative 
proportions of agricultural (with irrigation), timber, grazing, and arid 
or barren lands of the regions delineated. 

1. Sheet No. 61 B. Parts of Central Colorado. Area, 4,278 square 
miles; scale, 1 inch to 4 miles, or 1:253440. 

2. Sheet No. 61 C sub. Portions of Southwestern Colorado. Area, 
1,100 square miles; scale, 1 inch to 2 miles, or 1:126720. 

3. Sheet No. 65 D. Portions of Southeastern Calilbrnia. Area, 4,420 
square miles; scale, 1 inch to 4 miles, or 1:253440. 

4. Sheet No. 69 B. Portions of Southern Colorado and Northern New 
Mexico. Area, 4,373 square miles ; scale, 1 inch to 4 miles, or 1:253440. 

5. Sheet No. 69 D. Part of North Central New Mexico. Area, 4,420 
square miles ; scale, 1 inch to 4 miles, or 1:253440. 

6. Sheet No. 70 A. Portions of Southern Colorado and Northern New 
Mexico. Area, 4,373 square miles ; scale, 1 inch to 4 miles, or 1 : 253440. 

7. Sheet No. 70 0. Portions of Northern New Mexico. Area, 4,420 
square mUes ; scale. 1 inch to 4 miles, or 1:253440. 

8. Sheet No. 77 B. Portions of Central New Mexico. Area, 4,465 
sqnare miles; scale, 1 inch to 4 miles, or 1:253440. 

Several land-classification maps will accompany the extra copies of 
Appendix N N, Annual Beport of 1878, of which maps no description is 
here given. 

Special sheets, 

1. Beconnaissance map of parts of Nevada and Arizona ; scale, 1 inch 
to 12 miles, or 1:760320. 

3. Map of the Grand Canon of the Colorado. Exploration of 1871. 
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Scale 1 inch to 6 miles, or 1:380160. (This sheet wiD appear as one of 
tiie illustTcitions of Vol. I.) 

REPORTS AND MAPS IN PROGRESS. 

The following are now in manuscript or in course of preparation, and 
await publication : 

Beportit. 

1. Volume I (quarto), Geographical Report. 

2. Volume VI (quarto). Botany (now at Government Printing Office). 

3. Volume VII (quarto), Archaeology. 

4. Tables of Geographical Positions, Distances, Altitudes, &c., 8vo. 

Map8. 

1. Sheet No. 32 C. Portions of Southeastern Idaho. Area, 4,022 
square miles; scale, 1 inch to 4 miles, or 1:253440. 

2. Sheet No. 32 D. Southeastern portion of Idaho. Area, 4,022 square 
miles ; scale, 1 inch to 4 miles, or 1: 253440. 

3. Sheet No. 38 B. Portions of Northeastern California, Southern 
Oregon, and Northwestern Nevada. Area, 4,075 square miles ^ scale, 1 
inch to 4 miles, or 1 : 253440. 

4. Sheet No. 38 D. Parts of Eastern California and Western Nevada. 
Area, 4,127 square miles; scale, 1 inch to 4 miles, or 1: 253440. 

5. Sheet No. 41 A. Parts of Southeastern Idaho and Northwestern 
Utah. Area, 4,075 square miles; scale, 1 inch to 4 miles, or 1: 253440. 

0. She^t No. 48. Part of Western Nevada. Ai*ea, 16,813 square miles ; 
scale, 1 inch to 8 miles, or 1: 506880. 

7. Sheet No. 52 D. Central Colorado. Area, 4,228 square miles ; scale, 
1 inch to 4 miles, or 1: 253440. 

8. Sheet No. 56 B. Portions of Eastern California and Western Nevada. 
Area, 4,278 square miles; scale, 1 inch to 4 miles, or 1: 253440. 

9. Sheet No. iiS, in part. Portions of Colorado, New Mexico, and 
Arizona. Scale, 1 inch to 8 miles: or 1: 506880. 

10. Sheet No. 69. Portions of Southwestern Colorado and North- 
western New Mexico. Area, 17,587 square miles; scale 1 inch to Smilet*, 
or 1: 506880. 

11. Sheet No. 73. Part of Southern California. Area, 17,972 square 
miles; scale, 1 inch to 8 miles, or 1: 506880. 

12. Sheet No. 73 A. Portions of Southern California. Area, 4,405 
square miles; scale, 1 inch to 4 miles, or 1: 253440. 

13. Sheet No. 73 C. Part of Soutliern California, including portion 
of coast-line. Area, 4,510 square miles ; scale, inch to 4 miles^ or 1: 253440. 

14. Sheet No. 74 in part. Portions of Soutliern Califorma and West- 
ern Arizona. Scale, 1 inch to 8 miles, or 1: 506880. 

15. Sheet No. 77. Portions of Western New Mexico. Area, 17,952 
square miles; scale, 1 inch to 8 miles, or 1: 506880. 

16. Sheet No. 78 A. Part of Northern Central New Mexico. Area, 
4,465 square miles ; scale, 1 inch to 4 miles, or 1: 253440. 

17. Sheet No. 80 A. Part of the area within the coast-line of South- 
em California. Scale, 1 inch to 4 miles, or 1: 253440. 

18. She^t No. 84. Part of Southwestern New Mexico. Area, 18,301 
square miles; scale, 1 inch to 8 miles, or 1: 506880. 

19. Sheet No. 84 B. Part of Central New Mexico. Area, 4,554 square 
miles; scale, 1 inch to 4 miles, or 1: 253440. 
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20. Special sheet of portions of Eastern California and Western Ne- 
va^la, the Lake Tahoe region of the Sierra iJ^evada. Area, 2,232 square 
miles; scale, 1 inch to 1 mile, or 1: 63360. 

21. Special sheet of the vicinity of the Comstock lode of the Washoe 
mining district of Nevada. Area, 119 square miles; scale, 1 inch to 
1,500 feet, or 1: 18000. 

NOTES UPON THE FIRST DISCOVERIES OF CALIFORNIA. 

An article upon the first discoveries of California, relative to its sup- 
I>osed insular form, and the origin of its name, by Prof. Jules Marcou, 
by request for its publication containeiL in a letter Irom the Chief oi 
Engineers, of August 6, 1878, apx)ears as Appendix M of this rex>ort. 
Without claiming to be exhaustive, it contains highly valuable informa- 
tion relating to the early period of history of a peculiarly interesting 
section, embraced by the region under survey. 

HISTORY OF OPERATIONS. 

The yearly exx)edition8 organized for the prosecution of field-work of 
the survey commenced in 1869, and have continued to and include the 
present season, with the single exception of 1870. Initial points for the 
reconnaissance of 1869 in Southern and Southeastern Kevada were estab- 
lished along the Central Pacific Railroad, and in the interior as far as 
the telegraph had penetrated. The expedition of 1871, despatched from 
Washington, covered more extended areas in California, Utah, and Ari- 
zona, adding to the number of astronomically determined points. The 
act of 1872 authorized the "establishment of an astronomical base'^ in 
addition to the prosecution of " militiiry and geographical " surveys west 
of the 100th meridian. This a<;t was based upon a plan for topograi)hi- 
cally surveying and mapping the territory of the United States west of 
the 100th meridian, in a systematic and economic manner, sul)mitted in 
April, 1872, by Lieutenant Wheeler to the Chief of Engineers, by him to 
the honorable the Secretary of War, ai)proved by both, and laid before 
Congress, by which body it was adopted as indicatexi by the act approved 
June 10, 1872, from which the above quotations are made. Without re- 
striction as to the limits for annual occupation, these surveys have been 
continuously prosecuted in connected areas in the territory lying west 
of the 100th meridian to the present time. In pursuance of the approved 
plan, main astronomical stations were established during the years 1872, 
1873, and 1874. at important points along the Union and Central l*a<?ific 
Jiailroads. Tliese points have proved of gi'eat benefit, not alone in the 
after prosecution of this work, but also that of other siurvevs. The ex- 
peditions of 1871, 1872, 1873, 1874, 1875, 1876, 1877, and 1878 have trav- 
ersed and surveyed areas connecting with that of 1869, and developed 
the work in all directions until the areas entered embra<»e portions of 
fourteen of the fifteen States and Territories, a part or all of which lie 
west of the 100th meridian of longitude. Where work of the Pacific 
Kailroad and military and geographical surveys west of the Mississippi 
and the lines of the survey of the public lands could be maile available, 
the same have been incori)orated. 

This work, especially in its earlier stages, may be considered as sup- 
plementiil to, binding together and developing systematically over com- 
plet-ed areas the surveys for the Pacific Railroad and those for militaiy 
and geographical purposes west of the Mississippi, suspended at the 
outbreak of the late war, and appropriations for which, except during 

8 WH 
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the above interregimm, have been made almost yearly from 1852 to the 
present time.* 

Triangulation methods were introduced to some extent in 1872, and 
more generally in 1873. In 1874 the work was developed into a com- 
pletely connected geodetic survey, depending upon initial astronomical 
points, measured and developed bases, and points determined by tiian- 
gulation or trigonometrically. The geodetic work is kept slightly in ad- 
vance of the topographical and allied portions, with the ultimate inten- 
tion of obtaining by small parties data for a preliminary or skeleton map 
in advance of the regular occupation of the region forpurposes of detailed 
topographical and geological investigations. 

In 1875 the expedition was for the iii'st time organized into a nunil>er 
of small and comparatively independent parties, having but few if any 
rendezvous in common, and this plan has since been pursued, the size of 
each pai'ty being dependent upon the class or chisses of work that it is 
required to perform. Tlie number of experienced observers increases 
year by year, and as means are made available the present organization 
can prosecute with certainty its labors in areas commensurate with the 
means allotted. The personnel of the expeditions has been coini)osed of 
officers of the Corps of Engineers, of the Ordnance and Medical Depart- 
ments, and of the artillery, cavalry, and infantry, and enlisted men of 
the general and regular services of tlie United States Army ; of assist 
ants scientific and technical, and emi>loy6s, as packers, guides, laborers, 
teamsters, blacksmiths, &c. 

Escorts were required for each party up to and including the year 
1873, since which date the size of the parties in disturbed or hostile re- 
gions has been made sufficient that each may guard itself. 

The area covered, including the season of 1877, is 332,515 square 
miles, distributed in the following x>olitical divisions : 

Square milcA. 

California 54,751 

Nevada ^ 62, HI 

Utah -.... 38,9ti9 

Arizona 61,K16 

Colorado 33,041 

Wyoming :£Xi 

New Mexico 71,4:?7 

Oregon l/24'2 

Idaho 8, ??77 

Initial points only were establislied up to the close of 1877 in Kansas, 
Nebraska, Texas, Montana, and Washington ; the latter, however, being 
visited for the first time in 1878. 

While observations in the astronomical, geodetic, topographical, and 
barometric branches of the work, needed for the construction of the map, 
have been prosecuted with the greater force, still investigations in the 
branches of mineralogy and mining, geology, paleontology, zoolog>% 
botany, and archaeology, such as are deemed necessary in the present 
stage of development of the regions visited, and without too greatly 
increasing the expense, have been included, as e^idenced by the imni- 
ber of publications upon those subjec>ts. (See list of reports and maps.) 

In 1875, the field operations of the survey were di\i(led into two sec- 
tions, denominated the "Colorado" and "California," shice which the 
Utah section has been added. A field-oflSce and rendezvous have been 
established at Ogden, Utah, and a second recommended at Denver, Colo. 
It is suggested that if funds are made available parties can be engaged 
north of the Pacific Bailroads in the spring, summer, and fall, and near 
the Mexican border during the winter months, thus keeping an expetU- 
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tion contmuously in the field until the data for the majvat the entire area 
of 1,443,360 square miles shall have been obtained. 

CONCLUSION. 

The area proposed for occupation during the season of iS7.8, that is 
rendered short on account of the lateness of appropriations, is g^-^ater 
than that surveyed for a number of years, exceeding in amount 40,000 
square miles. The season, prolonged as late into December as prac- 
ticable, will, it is believed, admit of the completion of the amouAt^ 
allott-ed to each party, with the exception of the double party numbered 
one of the California section. In order to establish the necessary initial 
triangulation stations, this party will be compelled to occupy points 
along the Cascade Eange outside of the area assigned. The routes fol- 
loweil to and from the triangulation points will furnish that amount of 
preliminary information well calculated to facilitate the more thorough 
working, at a later period, of the timbered regions of this portion of 
Oregon. 

J^Iethods commensurate with the acciuracy of the topographical work 
being settled upon in advance, the endeavor has been to secure, in their 
pursuance, the best possible results at the least possible cost. The 
average amount per square mile thus far expended is, as a matter of 
course, in deficit of that required to prosecute a topographical survey 
with the detail necessary for a map, as, for instance, of a scale of 1 
inch to one mile, but has proven sufficient for the survey requisite for a 
map upon a scale of 1 inch to eight miles, as experience proves, since 
no sheets have been projected on a lesser scale, and much area is repre- 
sented on scales proportionately larger in the ratio of two to one, as 1 
inch to four miles, 1 inch to two miles, 1 inch to one mile. 

The nimiber of military posts or stations now in existence within the 
area ah-eady surveyed is thirty-three, all of which have been visited, as 
well as others now abandoned, and aid and supplies in inappreciable 
quantities drawn therefrom. The opportunities for co-operation by the 
supply branches of the Army thereby extended have been authorized 
to l)e availed of, in view of reduced appropriations, and all material 
and supplies funiished at these points en gros are delivered, it is safe to 
infer, at lesser rates for first cost and that of transportation, than those 
for which smaller quantities for special wants could be placed upon the 
same ground. 

The number of military establishments now in existence within the 
area west of the one hundredth meridian is 90. The total number on 
and west of the Mississippi River is 130. These posts in the interchange 
of troops and the various military operations intercommunicate, and it 
is of no little value that the government should be informed of the short- 
est and most available routes between them, and from each to the near- 
est mlroad points and termini, or to other interior points of importance. 
This among other subjects receives attention in a topographical survey, 
and the maps, placed at once in the hands of officials of the War Depart- 
ment, either as publishe<l originals or re-delineated upon the generalized 
maps more commonly in use by the Army, are of service to the troops, 
whether actively engaged in scouts, in pursuit of or in action with the 
liostiles; the movements of the latter during the past few years having 
shown a generalship regardless of areas set apart as Indian reservations 
and often of the geographical limits of extended military departments. 
The number of Indian campaigns of the past ten years, in which want 
of knowledge and accuracy in the existing maps must have been felt, 
surely point to the advantages that at least may hereafter ensue from 
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the use of accui^tJB' ^nd detailed maps from original data. The aggre- 
gate of exi)eiiser for the completed toiH)graphical map should be but little 
considered as'compared with the space of time in which the force that 
can be brottgjht into the field shall be able to complete the work. I have 
before iitvjtSi attention to the possibility of prosecuting the survey at 
the southein x)ortion of the area during the colder season, and have 
agaia.to suggest that winter parties can be kept engaged along the 
Me^can boiSer, thus prosecuting field-work throughout the year, should 
th^.Wnual estimates submitted be appropriated for in fiill. The con- 
• siant use of maps to which the Army on the frontier in its service be- 
oQlaes accustomed, frequent consultation of them being a part of its 
'. \ i[>ractices, and, in consequence, the most immediate application of such 
. '- results finding its exponent in the War Department, woidd seem to jus- 
tify the consideration of the estimates for the survey in connection with 
the Army bill. 

I have again, therefore, to suggest the desirability of estimating for 
this work among the regular Army estimates, the appropriation bill 
therefor usually receiving action by Congress earlier than the sundry 
civil or miscellaneous act. The objections to limiting to a fiscal year the 
funds for works of the character of a general tox>ographical survey, in- 
complete until the proposed area is covered, are so patent that doubt- 
less Congress would prefer to make an indefinite or i)ermanent appro- 
priation of the amount necessary to complete the work, from estimates 
carefully made, the department being authorized to allot the amount 
required to carry on the oi>erations for a year in accordance with pro- 
jects submitted in detail. I shall have the honor to again revert to this 
subject, should I be called upon to make further estimates for the 
work now under my charge. 

ESTIMATE. 

For continuing the geographical snrvey of the t-erritory of the United States 
west of the 100th meridian, the supply branches of the War Department 
aiding as heretofore, being for field and office work, and for the preparation, 
engraving, photolithographing, and printing of the maps authorized for the 
entire area on such scak>s as are required for geographical aud geological 
representations, and of the charts, plates, cuts, photographic and other illus- 
trations for reports ; and for the pay of the necessary number of assistants 
and scientists, in aadition to such number of the Corps of Engineers and 
other officers and enlisted men of the Army as may bo available, hereby 
authorized to he detailed ; for temporary office-room in the field of survey 
and the purchase at nominal rates of sites for connecting-stations, for the 
iiscal year ending June 30, 1880, to be immediately available $120, 000 

As follows : 

For expenses of parties in the field, including pay of assistants and employds. 47, 500 

For office expenses, including pay of assistants '..-. 9, 500 

For transportation, including purchase of animals 9, 00<> 

For material for outfits 7,5<><> 

For subsistence of the expeditionary parties 5,5<M) 

For forage, winter herding, fuel, storage, erection of temporary shelters, &c. 7,5iH» 

For purchase of iustrumeuts 6,(KH) 

For repair of instruments 1,(KW> 

For temporary' office-room at points remote from Washington, D. C 1, 2oO 

For the erection of observatories, counecting-statious, and monuments at 

astronomical and geodetic stations 4,2ri0 

For purchase of sites for connecting-stations 1, OOU 

For engraving aud printing maps, charts, plates, cuts, photographic and 

other illustrations for reports 9,000 

For contingencies (field and office) , 4,500 

Total 120,000 
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FINANCIAL STATEMENT. 

Amount expended from appropriation for the fiscal year ending Jane 30, 

1878 149,589 67 

Amouut remaining unexpended July 1, 1876, from appropriation for continu- 
ing tlie geographical siurvey of the territory of^tlie United States west 
of the lOOth meridian for iiscal year ending June 30, 1879 50, 000 00 

E^spectfdUy submitted. 

Geo. M. Wheelee, 
First Lieutenant^ Corps of Engineers^ TJ, S. Army, in charge. 

Brig. Gen. A. A. Humphreys, 

Chief of Engineers U. 8. Army, 
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EXKcrnvE AND DEscRiprme report of lieutenant eric bergland, corps of 
enoinefj18, on the operations of party no. 1, colorado section, field 
season of 1877. 

United States Engineer Office, 
Geographical Surveys West of the 100th Meridian, 

Waifhingtan^ D. C, April 20, 1878. 

Sir : I have the honor to snbmit the following report of the operations of party No. 1, 
Colorado section, during the field season of 1877 : 

The party, organized at Fort Lyon, Colo,, in May, consisted of the following persons : 
Lieut. Eric Bergland, Corps of Engineers, in charge, executive officer and field astron- 
omer ; Louis Nell, chief topograjiher ; E. T. Gunter, assistant topographer ; William C. 
Niblack, meteorological recorder ; J. M. Harris, odometer recorder ; three packers, one 
teamster, and one cook. 

The special area assigned to the party for this season was that included within atlas- 
sheet 61 A, besides the occnpaticm of certain points in atlas-sheets 62 13, 69 B, 61 D, 
aud 61 C, in order to complete the data for the publication of these atlas-sheet>s. 

The party moved from Fort Lyon up the Arkansas River to South Pueblo, thence, via 
the Hardscrabble Canon, to Rosita, where several points were occupied as triangula- 
tion stations, an azimuth line established for the benefit of mining engineers, and the 
mines and reduction-works visited. 

lYom Rosita the party moved to Fort Garland, via the Sangre de Cristo Pass, reach- 
ing that place June 11. At the request of the commanding officer, a snn-dial was 
erected there, and after obtaining a<lditional supplies the journey was continued along 
the Trinchera to its mouth, across the Rio Grande by ferry near the mouth of the Trin- 
cliera, thence to the headwaters of the Alamosa, La Gata, and Piedra Pintada Creeks, 
in onler to complete the data for the drainage of this section. At Del Norte the Rio 
Grande was gauged on the 22d of June. 

The river was then near its highest stage, and the result of the measurement gives 
nearly the maximum volume. Owing to the high stage of the river, the water was not 
confined to a single channel, a considerable portion Sowing through a branch to the 
north of the main stream. The measurements were made a short distance above the 
T^>ma bridge, the velocity being determined by means of surface floats. The following 
results were obtained : 

Main stream. 

Width, 182 feet. 

Maximum depth^ feet. 

Area of section, o92 square feet. 

Mean velocity, 5.229 feet per second. 

Volume, 3,618.468 cubic feet per second. 

Korth branch. 

Width, 94 feet. 
Maximum depth, 3.125 feet. 
Area of section, 196.,^ square feet. 
Mean velocity, 5.43 feet per second. 
Volnme, 1,067 cubic feet per second. 
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Hence the total volume of tlie Kio Grande River at this point, when nearly at its 
highest stage, Is 4,6H5.5 cubic feet i)er secoud. The water at this time carried a great 
de:il of Hedimeut, but no alkaline taste was )»erceptible. 

l?Yom Del Norte we followed the road up the river via Wagon WTieel Gap to Ant«*- 
lope SpriugH, at which point we branched off to the right and followed the Lake City 
roa<l over the Continental Divide to Lake City, which place was reached on the 1st of 
July. 

Mr. Nell with a side party attempted to go from Lake City to Ouray via Henseu 
Creek aud the trail over the range, nut found the snow near the summit too fH)ft aud 
deep to make the paiwage, aud w^as forced to return and follow the wagon-road. 

The Los Piuos Indian Agency was rea<^"hed on the 14th of July, after a delay of a 
week near Bamiun P. O., at the junction of the Saguache and Uncomi>ahgre roads, 
from which point a number of topographical stations were occupied to obtain the 
drainage and topography of the country to the east, as far as the old Los Piuos Agciu-y. 

From the new agency the party moved westwardly to the San Mi^el River, retuni- 
ing by way of the Dallas I*ork and Ouray. At this latter i>lace a side party ^ns 
detached to occupy Uncompaghre Peak as a triangulation station. This was suceeNs- 
fuUy accomplishi^ July 31. The main camp was established at the agency, while tlie 
surrounding country was explored and maj>piHl. Duiing this time a series of oIj^tn a- 
tions were taken to ascertain the amount of evaporation, and hourly readings of the 
barometer for ten days were taken to obtain data for the horary correction. 

Ouray was found to be an enterprising town of about 000 inhabitants, sin^ilarly 
moral and quiet for a mining town of that size. It is picturi*s<iue1y situat^Ml within a 
natural amphitheater, at the junction of Cafum Creek with the Uncompah^e Ri^er. 
Numerous hot springs in and near the town afibnl excellent facilities for bathing. Hut 
little work was being done in the mines, as works for the protitable r*»duction of tin* 
ores had not Xwen erected. A good toll-road connects the town with Uncompahgre Park, 
and another toll-road was under way from the town to the summit to connect with the 
Heiiscn Creek road to Lake City. This, when tinislied, will shorten the distance to th«* 
latter place by seventy mil<»s, and will permit the transportation of the rich ores fixmi 
the summit for reduction when wxirks for that iiurpose shall have been establishes! at 
Ouray. Potato<^ and other vegetables are grown in abundance below the town on 
the bottom-lands of the Uncompahgre, aud the park and foot-hills a<ljoining ulfortl 
good grazing for horses and cattle. At the agency iirigation has been tried to a 
limited extent, but thus far with indifferent success. The fall of the river and th« 
supply of water are favorable for irrigation, but the soil near the agency, which c«>u- 
tains a large jiercentage of clay, dries quickly when the water is turned off, and the 
surface is converted into a <lry, haixi crust. In the vicinity of the Indian chief Ouray's 
house, seven miles below the agency, the soil is more favorable for vegetation, and 
cereals an) grown without irrigation. 

The bottom lands along the river are very productive, and large crops of potatoes, 
melons, beets, radishes, aud com were raised last summer near the agency. 

During the summer the toll-road from the Lake Fork of the Gunnison to the Uncom- 
pahgri) Valley was completed. This is an excellent road, with moderate grades 
throughout, having bridges over all the larger streams, and assures easy aud quick 
tranM]M>rtation fh)m Saguache to the Uncompahgre Valley, when the road is not 
obstructed by snow. 

Fi"om the agency the party moved northwanlly to the Gunnison River, which tlieii 
became the base of our oneratious. The country north of the river was thoroughly 
explored to the northern limit of our area aiul westwanlly to the western line of tht« 
atlas sheet, as well as south of the river to the southern line. All streams of auy 
importance were meandered and measiu'ed with the odometer when possible, other- 
wise by time meander. Topographical statituis were made on all peaks which gave a 
commanding view of the country, aud the topography aud drainage of the whole area 
were carefully determined. Triangulation stations were made on the principal peaks 
to connect with the system of triangles to the east and south. 

The town of Gunnison, the county seat of the county of that name, was reached 
October 2. This town consists of a few houses scattered over the valley at the func- 
tion of the Gunnison aud Tmnichi Rivers. The altitude of the valley at this point is 
about 7,4ri() feet, aud has a width varying from two to six miles. All of this area east 
of the Indian reservation line is taken up by settlers, whose principal imrsuit is hay 
and stock raising. The hay-erop is abundant, and Knds a ready sale at Lake City, 
distant some 56 miles. Although the altitude is not too great for their cultivatiou, 
vegetables are often killed by early frost, so that no dei)endence can be placed on 
any crop except hay. Last fall the frost killed all vegetables so thoroughly that not 
a potato was grown in the valley in this vicinity. 

Mining is carried on to a limited extent on the southern slo{fe of the Elk Mountains: 
but as no reduction- works have been built in the valley, only ore of the richest quality 
can be prutitably trausx>ortod to Lake City for reduction. Gulch-miuiug iu California 
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Galch is still prosecuted during the summer season. Coal in great quantities and of 
excellfut quality is found on the southern slope of the Elk Mountains. A considerable 
quantity has been taken from the mines at Carbon Mountain , near Ohio Creek, for 
use at Lake City. The vein at this locality is about 6 feet thick and nearly horizontal. 

Gunnison River and its tributaries are well stocked with speckled trout. -Near the 
mouth of the irncorapahgre River a number of so-called Colorado salmon were caught. 
These seemed to belong to the same species which I had previously found in the Col- 
orado River between Stone's Ferry and Fort Yuma. The foot-hills and mountains on 
both sides of the Gunnison abound with bear, deer, mountain sheep, elk, and smaller 
game. 

Oil November 5 the Gunnison River was gauged about tw^o miles above the month 
of the Tumichi and below the mouth of Ohio Creek. The results obtained were as 
follows: 

Width, 75 feet. 

Maximum depth, 3.4 feet. 

Ar«»a of section, 154.17 square feet. 

Mean velocity, 1.57 feet per second. 

Volume, 242 cubic feet per second. 

Tlie Tumichi was ganged on the same day, some two miles above its mouth, giving 
the following results : 

Width, 64 feet. 

Maximum depth, 1.8 feet. 

Area of section, 50 sqnare feet. 

Mean velocity, 2.63 feet per second. 

Volume, 131.57 cubic feet per second. 

Consequently the volume of the Gunnison below the mouth of the Tumichi was ap- 
proximately 373.5 cubic feet per second. 

During the spring while the snow on tbe moimtains is melting the volume of both 
streauis grratly exceeils that given above ; and at extreme high-water it becomes dan- 
gerous to ford the Gunnison River. 

Cold weather and snow came early in the fall and interrupted and delayed our work 
greatly. From the 4th of October snow fell nearly every day for thre« we-eks, during 
which ))eriod the higher peaks were almost constantly enveloped in clouds, making it 
iiu|K>SHible to continue our triangnlation work. Finally, on the 2d of November, by 
taking a<lvantage of a couple of <!ays of clear weather. West Elk Peak was occupied, 
after a long and wearisome inarch thronsh fallen timber and deep snow. This com- 
pleted our topoj;raphical work within atlas sheet 61 A, and the march to the eastward 
wtwj begun. The rout<i selected was up the Tumichi Crt»ek to its head, crossing the 
Continental Divide at Marshall Pass. The lowest temperature, 10^.5 below zero, was 
experit^nced at our camp near the forks of the Tumichi during the night of November 
8. From camp near the summit of Marshall Pass the ascent of Hunt's Peak was made 
in order to connect it with our system of triangles. Thence the journey was continued 
down PuiK'ho Creek, over the Puncho Pass to Saguache, and from this place, via the 
Star Ranch and the San Luis Lakes, to Fort Garland, which place was reache<l on the 
17th day of November. Here the party was disbanded and the property stored with 
the poHt <iuarteniiaster. 

The field s/anon wa-* a remarkably successful one. The area assigned was thoroughly 
expl<ir»'d and full data obtained of its topography and economic features. Neither 
ni€»u nor aninu^ls were disabled during the seasiui ; the expense of feeding the latter 
M'a.s inconsiderable, as grass was abundant throughout nearly the whole ar«»a traversed. 
During the field season 7 main triangulation-stations wen^ occupied; 103 scondary 
triangiilation-stations, 1,502 meander-stations, 172 cistern-barometer stations, and 
1,<)75 aneroid-barometer stations were occupied. The variation of the needle -was 
determined at 136 different points; 1,367 miles of ronte were meandered, besides 1,277 
miles travelecl and not meandered. The highest altitude noted was 14,408 f(»et. 

The following table gives the result of the observations made to determine the 
amount of evaporation at Los Pinos Agency. The tin pan containing the water was 
plaeetl on the sun-dial post, about three feet above the ground, and was not covered 
or shaded ; consequently the amount shown must somewhat exceed the rate of evapora- 
tion from the surface of the ground. In the "remarks" the amount of clouds is given 
ill numliers from to 10, inclusive, the former indicating a clear skv and the latter the 
whole visible sky overcast with clouds. The figures which follow " wind " indicate its 
estimated velocity in miles per hour. 
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Ohservaiioiu to determine the amount of evaporation at Los Pinos Agency , 1877. 





« 


Water in pan. 


Evaporation 
since previ- 
ous obser- 
vation. 


Thermometer 
inahade. 




Date. 


Hoar. 










Bemarka. 




Depth in 
inches. 


Temper- 
ature. 


Dry. 


Wet 




Aug. » 


10.00 A. m 


2.729 


60.0 




77.0 


54.5 


Water in tin pan placed on sun- 
dial post, in sun. 


X\M% W n* MMAm 


MM ff 409r 


l^vr* »» 










4. 45 p. m. 


2.312 


77.0 


.417 


88.0 


55.2 


Clouds 5. Wind a 


10 


9. 00 a. m. 


2.000 


72.0 


.312 


7a 


58.2 


Clouds 7. Wind 2. 




10. 00 a. m. 


1.948 


80.5 


.052 


77.0 


60.0 


Clouds a Wind 2. 




11 00 a. m 


1.760 


76.0 




81.0 


69.0 


Now filling. Clouds 9. Wind 2. 
Clouds 10. Wind 2. 




5. 30 p. m. 


1.510 


70.0 


.250' 


82.0 


60.0 


11 


9. 30 a. m. 


L323 


73.0 


.187 


74.0 


5ao 


Partly cloudy dnrinie night, cloudy 
mofnin?. Wind 2. 




2. 00 p. m. 


1.223 


72.0 


.100 


82.0 


59.8 


CWr. Wind 2. 




6. 30 p. m. 


1.115 


65.5 


.108 


7a 


50.0 


Cloudy. Wind 2. 


12 


9.00 a. m. 


.968 


67.0 


.147 


7L5 


5a5 


Cloudy. Wind 1. 




11. 00 a. m. 


.937 


90.0 


.031 


77.0 


60.0 


Partly cloudy. Wind 0. 




11. 00 a. m. 


2.349 


r2.5 




77.0 


60.0 


PartlV cloudV. New Ailing. 




6l 00 p. m. 


2.114 


65.5 


.'235' 


75.0 


5ao 


(Uoudsa Wind 12. Sprinkling. 


13 


9. 00 a. m. 


1.906 


79.0 


.208 


71.5 


58.5 


Cloud« 0. Wind 12. 




11. 00 a. m. 


1.843 


90.0 


.063 


7a 


57.0 


Clouds 0. Wind 12. 




11 00 a in 


2.444 


81.0 




70.0 


5ao 


New filline. 




A »■• W •*• All* 

7. 00 p. ni. 


■M a s w 

2.093 


62.0 


.*35i" 


79.5 


63.0 


Clear. Win i 12. 


U 


9. 00 a. m. 


1.827 


77.5 


.166 


76. 5 


59.0 


Partly clondy. Wind 8. 




11. 00 a. m. 


1.7.50 


84.5 


.077 


80.5 


5a 5 


Partly cloudy. Wind 4. 


15 


11. 00 a. m. 


L463 


7a 


.287 


75.5 


59.0 


Showers dunn? afternoon of 14th. 
Pan not covered. 




11 00 a. m 


2.479 


60.0 




75.5 


59.0 


New filling. Cloar. No wind. 
Clouds 4. Wind 2. 


16 


X !.• a/V C^ AAA* 

11. 00 a. m. 


1.943 


86.0 


.'536* 


77.5 


56.0 




6. 00 p. m. 


L583 


64.0 


.360 


7a 


55.0 


Clouds 10. Wind a 


17 


11. 00 a. m. 


L318 


7a 


.265 


7a 


58.0 


Clouds a Wind 2. 




7. 35 p. lu. 


1.026 


59.0 


.292 


72.0 


5ao 


Clouds 5. Wind 0. 




7. 35 p. ni. 


2.354 


a>.o 




72.0 


58.0 


Clouds 5. WindO. Xew filling. 


18 


7. 35 a. m. 


2.210 


57.0 


.*i35 


64.5 


57.0 


Clouds 10. WindO. 




& 30 p. m. 


2.385 


5ao 




63.0 


58.0 


Clouds 9. Wind 0. Rain during 
dav, pan uncovered. 














19 


fi 00 a. m. 


2.447 


71.0 




65.0 


60.0 


Clouds 3. Wind 0. Rain dozing 
ni)!ht. pan uncovered. 


A«r 


V* W tmm MMM^ 














6. 00 p. m. 


2.172 


68.0 


.275 


71.5 


58.5 


Clouds 4. WindO. 


20 


8. 00 a. ni. 


2.094 


63.5 


.078 


64.0 


55.0 


Clouds 0. WindO. 




a 30 p. m. 


1.729 


60. 


.365 


60.5 


52.5 


Clouds 2. WindO. 


21 


&30a. m. 


L646 


5ao 


.083 


62.0 


50.0 


Clouds 5. Wind 4. Windy daring 
ni^'ht. 




6. 30 p. m. 


1.208 


68.5 


.438 


74.0 


51.0 


Clouds 1. WindO. 




& 30 p. in. 
8. 30 a. m. 


1.865 


60.5 




74.0 


51.0 


Clouds 1. WindO. New filling. 


22 


L635 


65.0 


."236' 


6a5 


52.0 


Clouds 0. Windl. Windy during 
















nifiht 




6. 30 p. m. 


1.214 


61.0 


.421 


7a 


51.5 


Clouds 0. WindO. Warm dav. 


23 


a 30 a. m. 


.943 


69.0 


.271 


6ao 


52.5 


Clouds 0. Wind 10. Nipht clear, 
windv toward mominj:. 




aSOa. m. 
8.00 a. m. 


2.662 
L740 


65.0 
65.0 




6ao 

75.0 


52.5 
50.0 


Clouds 0. W ind 10. New filling. 


24 


."822" 


Clouds 2. Wind 3. Windy night 
















and morning. 



By omitting the doubtful observations, or those during which showers occurred in 
the interval between observations, we obtain for the period in question a mean daily 
evaporation of 0.5537 inch. The table also shows that (approximately) 70 per cent, of 
this evaporation occurred during the day, or between sunrise and sunset, and 30 per 
cent, during the night, or between sunset and sunrise. 

In conclusion, I take pleasure in acknowledging the faithful and valuable services of 
Mr. Louis Nell, the chief topographer, and Mr. Wm. C. Niblack, the meteorological re- 
corder, as well as those of the other members of the party, and would express my 
thanks to the Indian agent at Los Pinos Agency and the officers at Fort Garland for 
their courtesies and assistance. 

Very respectfully, your obedient servant, 

Eric Bergland, 
First Lieutenant of Engineers. 
Lient. Geo. M. Wheeler, 

Corps of Engineers^ in charge. 
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Appendix B, 

execmve and descmptive report of lieutenant 8amttel e. tillman, corps of 
engineers, on the operations of party no 1, utah section, field season 

OF 1877. 

United States Engineer Office, 
Geographical Surveys West of the 100th Meridian, 

Washin^tony D, C, May 21, 1878. 

Sir : I have the honor to snhmit the following report upon my labors and the opera- 
tions of the party under my charge during the field season of 1877, with a summary of 
oihee work since return from field. 

I left Washington, May 16 ; stopped one day in Omaha on public business ; reached 
Cheyenne, May 19, where I was detained several days in conjunction with Capt. Gillis, 
A. Q. M., purchasing mules for the use of the expedition. I arrived at Ogden, Utah, 
3Iay 23, and was placed in charge of the Utah section of the survey. The two parties 
of this section were organized at Ogden and took the field June 5. In the field opera- 
tions I directed the movements of Party I, and Lieut. Ropers Bimie, Tliirteenth Infan« 
try, had charge of Party II. The area for work was divided and assigned by yourself 
and I exercised no authority, aft«r leaving Ogden, except in my own party. Lieuten- 
ant Bimie planned and executed his own work. 

Party I, after organization, consisted of myself, in charge, Mr. Gilbert Thompson, 
principal assistant and topographer, Mr, John A. Hasson, meteorologist, Mr. WiUiam 
Looram, odometer recorder, two packers, a man-of-all-work, and a cook. The party 
had the usual allowance of iiistrimients, viz, one triangulation instrument, to topogra- 
pher's transits, two cistern barometers, two aneroids, two psychrometers, two odome- 
ters, one maximum, one minimum thermometer, two pocket-thermometers. 

The country given my party to map is situated between the meridians of 111° and 
112^ Ufy west from Greenwich and the parallels of 41° 45' and i'SP 10', and is partly in 
Utah and partly in Idaho, contiguous on the east to the Territory of Wyomoug. 

After leaving Ogden, Party I moved to the northward through North Ogden Cafion. 
On the 2d day out, the ascent of North Ogden or Willard's Peak was maile in connec- 
tion with Lieutenant Bimie and the topographers of the two parties for triangulation 
pur|>o8e8. The pack-mule bearing the iustnimeut on this trip was lost. Though lightly 
]oa<led he fell and rolled about 500 feet, being completely disabled. My march was 
continued along the road into the south end of Cache Valley, such points being occu- 
piwl as were necessary to extend our tri angles from the measured base at Ogden. 
Arrived at Logan the regular topographical work was begun. The movements of the 
party carried it along the western base of the Bear River Motmtains, the range being 
a*<cende<l when necessary for triangulating or topographical purposes. At Franklin I 
loaded the mules with the month's rations forwarded to that point and continued to 
tlie northward, crossing the Bear Mountains by the Liberty road iuto Bear Lake Val- 
ley. The party then moved slowly to the south along the eastern base of the Bear 
Mountains, made a complete circuit of Bear Lake and returned to the western side of 
it. As the two lines of travel along the eastern and western base of the range were 
not deemed sufiicient to give the topography accurately, the party then crossed into 
Logan Caflon and descended it to its mouth at Logan City, in Cache Valley. This 
cafion, for the greater portion of its length, runs nearly north and south, being formed 
by a fault in the limestone strata of this range, and enabled us to complete the topog- 
raphy of these mountains up to the road by which we had crossed them from Cache 
Valley. 

After several days* work in this cafion, the party left it at a point about twenty mUes 
from Logan City, and moved nearly directly east to the south end of Bear Lake, thence 
across the low range of hills between the lake and Bear River on the east. We struck 
Bear River near the Wyoming line, about the parallel of 41° 47'. Mr. C. J. Kiutner 
joined the party shortly after it had crossed the Bear River Range, and acted as assist- 
ant topographer or meteorologist as occasion demanded. The movement from Logan 
Cafion to Bear River, on the east, was nearly along the southern limit of my work. 
The party now moved northward along the eastern base of the range of hills which 
had been skirted on the west in the circnit around Bear Lake. These hills were 
ascended frequently for topographical purposes. The general course of the river waa 
followed untu we arriv^ at Montpelier, which lies directly across Bear River from 
Liberty, the point it will be remembered at which we descended from the Bear Moim- 
tains in crossing from Franklin. A glance at the map in connection with the above de- 
scription will show that, between the western base of the Bear River Mountains and the 
Wyoming boundary, five lines of survey were run extending from the parallel of Logan 
to the parallel of Montpelier or Liberty. These lines were about 8 miles apart. From 
Montpelier the party continued along Bear River to Soda Springs, which is situated 
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at the most northern bend of the river. Soda RpringR was reached July 19. Two 
moutli8' rations had been fonvard«Ml to this point. Kesupplving the party, Bt-ar 
River vrixs cwssed at ita most northern bend and the topography of the Bear Monn- 
tainH obtained down to Libc^rty — this connected with tne work alrea«lv done on the 
western 8i<le of the range. Bear River w^as again crossed at Mont]»elier, and aft4T 

gassing to the eastward over the divide which separates the waters of Snake and 
iear Rivers, a general northern line was folIowtMi, nearly coinciding with the eastern 
boundary or the work. After passing the divicle between Bear and Snake Riv«»rj*, by 
the n»ad uj) Monti^elier Creek, the first water reached is a tributary of Salt Riv^-r 
called Crow Creek. The line Just mentioned lay along this creek until it joined Salt 
River, then along Salt River until it is joined bv Salt Creek flowing from the west. 
Salt Creek was then taken as the course of march, leading us nearly west. Aft^r cross- 
ing a mountain ridge which separates the waters of Salt and Blackfoot Rivers, a 
parallel line to the south was taken up. This direction was continued until reaching 
the parallel of S<Hla Springs, when it was change<l to the westward, and brought iia 
back to the springs a second time, August 3. l^rocnring a new supply of ratiouM, the 
march was resumed in a line nearly due north until reaching the south end of Days 
Lake, then eastward to the Wyoming line, then northward to Snake River. 

In crossing fhmi the basin of Day's Lake the route lay along Tin Cup Run to its 
junction with Salt River ; then along Salt River to Snake or Mad River, as it was 
called by Mr. Astor*s party in 1811. This being the northern limit of the work, move- 
ment was made to the east, then south again to Day's Lake. Havnng connected ivith 
the outward line from Soda Springs, the party moved a few miles to the west and tunifd 
again to the north imtil reaching the limit in this direction, the parallel of 43^ 10*. 
Passing to the w<»8t until the Blackfoot was reached the party turned again to the 
south, following up this stream to the point at which we had cros8i*d it in the outwnnl 
trip from Soda Springs. Soda Springs was again visite<l August 20, and the remain- 
ing rations procured. As all the to[»ography to the east and north of Soda was now 
obtained, a movement was made down Bear River. The work on this trip being ctm- 
nectetl with that done before the first ])Jissage of the Bear Mountains was made, the 
party moved farther to the west and tumetl again northward. This line to<.»k the 
party across the basaltic fiat, which separates Bear and Port Neuf Rivers. The P(»rt 
Neuf was examined as far down as the mouth of the Upper Caflon. The march was 
then continued up this stream to its heajl. The jmrty then passed to the westward to 
Fort Hall, which point was reached on Se[»tember 10. 

1 have above atteimited to give only a very general description of the movements 
of the main party. These movements' were directed so as to give the topogrdjihers ojv 
portunity to see all the country mapped. No mention is above made of the numerous 
trips, on foot and horseback, of the members of the party in procuring the greater 
part of the data for the projection of the map. 

It will be obs<'rve<l that numerous parallel lines of travel were run across the an»a 
in a nearly north and south din^ction. The proximity of these lines will be seen by 
obserWug a map in connection with what has iieen saiA. When it is remembered that 
frequent transverse lines were run and numerous points occupied, from which com- 
plete sketches were made and full angles taken, an idea of the accuracy of the work 
can be obtained. 

A storm nef in immediately after the arrival at Hall, and nothing was accomplishe<l 
until the 16th of September, when the party again set out. I was ordere<l to leave 
my party here in charge of Lieutenant Young, Corps of Engineers, and proceetl to Fort 
Ellis, Montana, for objects hennnafter to be named. I^ieutenaut Young reported to 
me Sei)tember 15, and took charge of the party on the 16th. ' 

As I directed no fiirther the movements of the party, I \vill here summarize what 
had been done, and add a few descriptive remarks of the region thus far visited. 

Eight triangulation stations had been occunied ; 86 three-point topographical sta- 
tions from which complete sketches were maue ; 1,546 miles traveled, of which 1,046 
were meandered; 1,674 meander stations occui»ied, of which 1,468 were also bnro- 
metic stations. 

In this connection I cannot speak too highly of my principal assistant, Mr. GilWrt 
Tliompson. His appreciation of topographical details is quite rt»markable. His zeal 
and energy are equally commendal)le. He and I ascended the triangulation points 
together. He usually made sketches while I measured angles. The same method was 
followed with many of the topographical stations. This was the usual arrangement 
because of Mr. Thompson's superior facility in sketching, and not because he was lew 
expert than myself in measuring angles. In the collection of the indispensable mat^ 
rial for a map, I consider that Mr. Thompson cannot be suri)assed. 

Of the country above located it may be said that it is traversed by distinctly marked, 
though not continuous, mountain ranges, whose axes are nearly north and south. 
The eastern spur of the Northern Wasatch may be considered as ext<'nding from North 
Ogdeu Peak to Mount Putnam near Fort Hall; Farther to the east is the parallel 
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range of the Bear River Mouutains, growing less imposing to the northward, and ter- 
miuutinc iu what is locally known as the Blackfoot Range. Still farther to the east is 
found alow range of hills increasing in importance to the northward and culminating 
in Mount Pisgah or Cariboo Mountain, Just south of Suake River. Between these 
spurs or ranges exist valleys of great«*r or less extent. Bear River flows nearly due 
north along the western boundary of Wyoming, crosses the low range of hills just 
meutione<l at about 42^ lO^ ; continues then north to 42^ 39' ; cuts through the Bear 
River Mountains, and turns abruptly to the south. It then flows for sixty miles 
l>etweeu the two ranges first mentioned, and finally cuts throu|5h the west*»m one 
and continues on to Great Salt Lake. The Blackfoot River rises in the hills near and 
to the south of Mount Pisgah, flows to the south for fifteen miles. make« a great bend 
to the north, passes the Blackfoot range of hills, and enters Snake River Desert. The 
southern bend of the Blackfoot is only about twelve miles from the northern bend of 
B«»ar River at nearest points. The rim which separates the two rivers is verj' low. 
The Lighe«t point of the divide is but 87 feet above the Blackfoot at the bend. This 
point is iu horizontal distance four miles from the bend iu the Blackfoot. 

After passing the divide it is three miles until we again reach the level of the Black- 
foot. Such a gentle rise leads the unaided eye to suppose that the Blackfoot might 
almost cross to B4*ar River in time of floods. By artificial means it could easily be made 
to empty into Bear River. The Port Neuf River rises in the hills between Mount Put- 
nam and the Blackfoot Range, flows first to the south, crosses the western spur of the 
Northern Wasatch, and turns north to Snake River. The South Fork of Snake River 
eutens the northeast comer of my area just after emer^ng from Suake River Mount- 
aiuM, but soon leaves it in making its course northward. 

Salt River and Gray^s River enter the Snake from the south only about three miles 
apart. The 111th meridian crosses the Snake between the mouths of these two rivers 
at the parallel of 43° 10'. This includes the principal water-courses in my st'ction. 
Ik'tween the mountain ranges and along the streams there are necessarily valleys or 
Hats of greater or Itjss ext4*ut. The largest of these is just wi^st of the Bear Range of 
mountains. It may be said to extend all along Bear River to it« northern bend, then 
over a lava flat to' the head of the Port Neuf. This valley is well cultivated and 
contains numerous settlements. Bear Lake Valley also contains several little villages, 
and along the eastern base of the mountains aflbnls arable land. Although there is 
gCKMl grazing and occasional level areas are found all along the rivers meutioned, there 
are only a few ranches outside Cache and Bear Lake Valleys. Tlie altitude is too 
ereat . There is timber in the mountains, pines and firs. It is rather difiicidt to obtain, 
but is sufticlent for the requirements of the population. 

The vall(*ys nearly all give evidence of having once been the basins of lakes, and 
the lake and river terraces attract the attention on all sides. AMien Lake Bonneville 
exiitted Cache and Gentile (north end of Cache) Valleys were bays, connected by a strip 
of water along the course of Bear River. 

I took particular care to make examination for any possible outlet to this ancient 
lake. There is certainly none to the north and east of Red Rock. My attention had 
already been called to this point by Mr. G. K. Gilbert. I ha<l left the party before 
they ivacheil Rod Rock, but informe<l them of Mr. Gilbert^s discovery. The profile 
run" through the pass, in connection with obser\'ations at beach-marks, leaves no doubt 
that Mr. Gilbert is right. That bodies of water have existed in many of the pn«ent 
valleys is clearly shown. Tliat the valleys have resulted from faults can hanlly be 
doubted when the features of the couijtry are considered. The former extensive chan- 
nels of the rivers show that they have been growing more narrow. Where Snake 
River leaves the upi>er cailon its ancient beds are beautifully 8ho^^^l. Tlie present is 
it« thini distinctly marked channel. Bear Lake is situated at an altitude of 5,955 feet 
above the sea-level, is about 20 miles long and 6 to 8 wide. I was informed that 
a line of sountliugs had been run acn>ss it along 1h^ boundary-line between Utah and 
Idaho, and that it nowhere excee<led 175 feet in d/pth. This lake, according to the 
iieighiioring inhabitants, has its monster. That the statements made to me in regard 
to the monster were in good faith I have no doubt, and the fact that these people have 
l>€*eu deceived into their prt*.sent beUef is quite as remarkable as would be the tliscov- 
ery of a large and luiusual animal. There are several marshes or sloughs in the lava 
fiat north of Soda Springs, the most extensive being what is called Day's Lake. 

The mountain masses are composed of alternate strata of (juartzite and limestone, 
entirely similar to that described by King in the Northern Wasatch. Tilting and dis- 
|)Ia<*euient have often changed the original ortler, sometimes placing one formation at 
the summit, then another. In the Bear River Mountains the thickness of the lime- 
stone strata probably exceeds 1,200 feet. The granite core of the mountain is evi- 
denced by ex|>osure in Upper Logan Cafion. As we should naturally expect, when 
continuous limestone strata have been thus confused, numerous caves, suoterranean 
channels, and crevices were found. Streams of great volume were frequently seen 
guidiing boldly from the mountain sides. Cue of these springs, about twenty miles 
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aboTe the month of Lo^an Cation, is worthy of mention. It boils np at the back of a 
cavern in the rock, and the water fills a basin about five feet deep and twelve feet 
radius until it overflows. The cavern is roofed by a natural arch in the solid limestone. 
About 75 cubic feet of water per second were discharged from this spring at the time 
of my visit. A cave of considerable extent but no great interest was visited at a |x>iDt 
about 15 miles above the mouth of the cafion. Mr. Thompson also discovered a fuuucl- 
shaped hole, into which a falling stone descended for five seconds before striking. It 
was then heard to rebound for five more. This opening was situated nearly east of the 
little Mormon settlement of Hyde Park, and east of the summit line of the monu tains. 
The limestone or quartzite or both were displayed in all the hills and mountains. In 
the valleys south of Bear River no lava was seen, but to the north it may be said to 
floor all the lower areas. The lava is found along the western base of the Northern 
Bear Range and south of the river. It extends here to Mink Creek. It was seen 
south of Bear River in only one other plac«, and that was in the low hills between Bear 
Lake and the Wyoming boundary. It comes to the surface at the highest i>oiut of 
these hills and is evidently not an overflow from elsewhere. I was not, |M?rsonally, on 
this point, but derived my information as to the lava from Mr. Thompson. All along 
the courses of the Blackfoot and Port Neuf Rivers the lava, a black basalt, protrudes. 
Several of the ancient outlets were visited in the vicinity of Soda Springs. From the 
northern bend of Bear River the lava can be traced in an almost unbroken layer to 
the Great Snake River Desert. Standing on the hills east of Fort Hall the most deso- 
late view imaginable is optm to the observer. I can conceive of no more dreary 
prospect than that desert affords, stretcliing far to the westward until it« monotonous 
blackness mingles with the purplish hue of the horizon. It was in this region that 
the trading company of Mr. Astor met with such su£fering in 1611, and Bonneville 
much later. 

On the tributaries of Salt River (Salt and Crow Creeks) are situated two establish- 
ments for manuiacturing salt. The one on Crow Creek is in latitude 42° 27', and 
about four miles west of the 111th meridian. It is a small affair, and is operated by 
Mormons living in Montpelier. The salt is obtained by evaporation from si>rinp- 
water. The water appears to be saturated, and the salt is said to be very pure. The 
evaporation is conducted in large pans, the fuel for heating coming from the mount- 
ains. The Oneida salt-works are much more extensive, and are owned by partie^s in 
Malade. Tlie process of obtaining salt is the same as already given. Thew* worku 
are on Salt Crwk, a few miles above its Junction with Salt River, about 25 miles north 
of the works on Crow Creek. Salt was seen as an etflorescence on several of the flats 
between these works, and could undoubtedly be obtained in large quantities in this 
vicinity. The Oneida works are operated annually between the Ist of April and 1st 
of October. The salt is transported by freight to Idaho and Montana. Four hnudrpd 
and fifty tons were shipx>ed during 1876. Snow prevents freighting except between 
dates specified. 

During the season numerous thermal and mineral springs were seen. These springs, 
as a rule, are located along the southern edge of the lava flow. We discovered none 
at any great distance from the lava. Such springs were found along the course of 
Bear River, fi^m Mink Creek to Soda Springs, ou the head of the Blackfoot, on Salt 
Creek, and along the Port Neuf River. Several of these springs are situated near the 
junction of Salt River and the creek of the same name. These springs have lK'<*n 
once much more extensive. The warmest of them reached 145^, the highest temper- 
ature our thermometers would record. 8 S H>a and C Ot were evidently present in the 
water. From the deposition of the mineral held in solution the s^mngs have formed 
little cones, looking at a distance like Indian wigwams. 

The other and most remarkable springs are the Soda Springs. I shall only refer to 
one fact, which I have not st»en mentioned. Around several of the sjirings, when the 
air is still, the carbonic-acid gas accumulates in such quantities that binls alighting 
near them are ]>oi8oned. It was fomid that less than two minutes were require<l to 
render grasshoppers unable to escape from the i>oisonouB depressions. Binls were also 
exiH'rimented upon, but they were released too soon and eseai>ed entirely. Tlie waters 
are pungent and pleasant to the taste, and were there sufiicient accommodations at 
the place it could be recommended and might become a summer riHJort. There is 
good fishing and hunting also within a day^s ride. The springs are 60 miles from the 
terminus of the Utah Northern Railroad, by a good road. In the canon of the Port 
Neuf River the works of extinct mineral springs are very extensive. ITie river is now 
cutting through the rocky chambers of these dead springs. The large, circular, and 
shell-like formations give rise to numerous basins of deej), clear water, in which fish 
delight to sport* 
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To give a general idea of the climate of this section during the months of June, July, 
and August, I ajipend the following table : 
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Continuous readings for temperature were not generally taken throughout the entire 
day. As a rule, the temperatures were reconled at 7 and 10 a. m., 12 m.. 2 and 4 !». m. 
The day t^^mperatures here given were not taken outside these hours. Tne camps were 
contiiinally changed, and of course the conditions varied with the altitude and loca- 
tion of places of observations. The table, however, shows the immeuse daily range 
of temperature. The nights in June were less cold than in either July or August, 
pn>babiy because of more moisture in the air. Tlie lowest temperatures given are 
exceptional cases, arising from altitude or passing storm. 

Indications of deer were seen in all the mountains, but the larger game, elk and 
de«*r, are nowhere abundant except in the northeast section, between Soda Sjiringsand 
the upper cafion of the Snake River. A few antelopes were seen in the hills east of 
Bear I-»ake. Prairie chickens, timber grouse, and sage hens abound generally. In the 
npjH'r waters of the Blackfoot salmon trout exist in great numbers and are taken with 
inen»<lihle ease. In the tributaries of Salt River they were also found in unusual 
nnmlHTH, but in no other of the streams. Fishing is" carried on extensively in Hear 
Lake by the inhaliitauts around the southern border. The immense herds of buttalo 
which once ranged the Bear River Valley and that of the Port Neuf are now no more. 
The hunting pounds which so delighted Bonneville and his companions are marked 
only l>y the disappearing trail or an occasional skull bleaching in the sun. 

In wiparating from the party at Fort Hall, I was directed to proceed to Fort Ellis, 
Mont., there to measure and develop a base-line, and, if possible, to carry a system of 
triangles south to connect with those carried northward from the Ogdenbase. I was 
accompanied by one enlistM man, a cook, and a packer. I left Fort Hall September 
l.H and arrived at Ellis September 28. The locality was found very unfavorable 
fi>r the puqwse intended. I remained in the vicinity of Ellis until Octol>er 27. Dur- 
ing this period there were only eighteen days that couhl be employed in work. A 
ba.M«»-line over 4^ miles long was measui-ed. It was connected by triangles with the 
a.Mtronomical mouument at Bozemau, and also with the post of Fort Ellis. The com- 
plete <levelopment of the base was not accomplished, owing to heavy fall of snow in 
th«* uionntaius. As it was perfectly evident that nothing more could be accomplished 
in the mountains, I started from Ellis, on my return, October 27, and reached Hall 
NovemWr 7. At this point I received orders to turn over my i>arty to Lieuteiiaut Biniio 
or Young and proceeii to Washington. In compliance with tliis order, I left Ogden 
Navember 15 and reached Wa«hiu<jton November 20. 

I'jMm reaching the otlice I was din^cted to take charge of all the computation work, 
to have it conducted in the order best calculated to meet the requirements of the to- 
IMi^ajdiers. In the geodetic work, Dr. Kampf and Mr. Rock were my assistants and 
jiHMOoiates. These two gentlemen were already engaged in the re<luctions at the time 
of my arrival. Upon the return of Mr. Kintner from the field, he also became a val- 
uable addition in this branch. During the two months that this gentleman was with 
nie ill the tield, he displayed great energy and interest in the work, and was available 
as an assistant in either the astronomical, topographical, or meteorological branch. 

The amount of work required in the reduction t>f such a mass of observations as is 
annually brought in from the field is enonuous. When it is renu>mbered that the coun- 
try is unknown, that the mountain ])eaks are imnamed, that each party has, at the out- 
wit, to adopt a nomenclature of its own, and, finally, that the observations at first must 
>h; largely mnltinlied to avoid probable misconnection, a faint idea can be formed of 
the material to be sifted. Dr. Kampf *s vast experience rendered him a most valuable 
assiHtaut in this cla&s of work. He displayed his usual interest and energy in the work 
np to the date of his final sickness. The necessities of the topographical work have 
kept the jB^eodetic branch on a continual strain, and the earnest ettbrts of the gentle- 
men in this branch cannot be too highly commended. 
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Th^ j;i^o?raj»fai<!al pfwitioiH of 219 points kare been deteimiiied up to the time of 
writinjf. May 4. 

In thifr n>«'t#'rr>loei«aI bfanrli. 3fr. Frank Lre and 3fr. 6e«vf7e Dimn hare ht^^n ibe 
iniitri|ial a«vi«taijtj«. Mr. John Haiv'fO and Mr. Jay Ccpok^ Lave done s«Hi>e work in tii> 
flfpamff^-nt. i^-miu;^ to tb^r iiiiii.-:nai]y Urjre D'sxxi'rjt-r of iiyiasr^nirrnc ol«f-rvatioii<» of 
tli^r fia^T tttf-a^riu and the limit m1 f^rtrr* fr>r pwlarTi*m, I f*-li it n^res^^aiy to intT«»li:re 
•Tftoe Ahri4stom*n in tbL« wnrk. In^hidinj|r th^ rutm and anenvid 9tatioii» <^ the \mrt 
•eamon, th^re w#Te ov#>t U».««*» j»riinr« wb^v*- altiTa«l«« were to be determined. 

In th** ri>»t#m lfar» •metric- re«in*-li*»n* tb*- f<»il«»wiiijj: rorrwtions w«t consolidated in 
t&^'iUr fonii: rh*- ortlinary Irirnjula. Piabta:u^*arX b»-in;j a<ird: 

Tltf erflTHr-tiMn for ditft-n-n^f of jrra-.ity in vari<*ii« latitinles. 

T)i«* *:«>m-*'ti«»n f'»r d^^T'-a**** of jn^ivity ar^ixis '^n d^-n-^ity of mercmy. 

The rf^m-^-tion fi#r d^TeaiMf of lerarity a^^-tinj; on deu^iiy of air. 

It t'un Iff «'awKi]y «»hoiin that a tai>]«' <ruil»ra4-:rj}; til*-?*' n>rr^'iion« for each party ran 
|>*r ^f #-*»ii*tm<-t*-<l tliat th«- maxiinnm fTTt'T w hi«-h ran ♦•v»-r<»tciir will W ati»-rly in'^ijrnJn- 
rant wljin <-omj«fir«l ^ ith tb#* lal*i»r now r^{uirt-<i to avoifi it .TaMrs trivui:; the rorrv**- 
tion for th«*hnmi«li'y bave a!-^ been *-nn«*TnctM wb'^n th*- *nmof the nf!ative hnroiditk'< 
d<ieti not 4iX*-e*H\ unit v. Tbe»e talil«« have been need, where the reference station i^ 
coru^tant, for all fxvtrpx the ni<»*t im]K»rtant points Ahrid^ut-ntA in the w<*rk of niii- 
niiig the fm^JiM-** have lieen inrnnlm-ed aLo^t. Th«^«e pmiiU^ are run with a eiic^taiit 
teiiiji^-ratiir**. int#'nd#*d to l*e the mean temy^-rataiv, or rat ber average temiwraturv. of 
the ilay. The tem{ieratare cr»rrei't>on haci the tsame »ijni thiongbout each day. The 
eorrwrtion for tem|ierature \i* cnninlative m> long ai» the vertical direetion of tie 
pn»file w the name. Wben the average temi»eratiire b» almve 32^-, these eon\»ctioiiJ* iii- 
t:T*^skM' the difference Ijetween ntation**; when Wlow, the reverse. A httle con«»id«'niti< n 
will fthow that the maxinirini ent»r, which wonld result fri>m omitting the tem)>eraniTe 
eorTe<'ti*»nj* entirely, c^mld never exceed the 8um of the correctiom* which wonld a*cu- 
mnlate while the vertif-al direct i<m of the protile was the «ame. When the vertical 
dirwtion of the profile chaugcii. the errors in altitudes of ^tations would liegiti to di^ 
cri'aJie, and wonld be ei|nal t » the ex<«-srt of the .sum of C4trrectioiw, while the prtifile haJ 
on*' vertical direction over thcKum of the corre*-tion> in the opp4»t«ite vertical ilirv<'ti<»n. 
It then ap|>earM that where the a<«'ent<4are alK>nt e^jual to the de)«cents in a pntflle and 
the cbaijgcH freiineut, the temperature correctitins may Im* omitted without 8«'n^iMf 
errrin) in Mich work. In order to intrrNhice this abridgment, the protiiet* were carrit^l 
to the fir»t ai»i»ro3Limate diff«»rence «if altitude, then each one 2!«?]>anitely examined, ami 
the errors which might <x'cur roughly estimated. This correction was omitted where 
the error would l>e inappreciable. 

Ah the t4»inperature corrections are obtained by multiplying the difference of altitude 
1»etween stations by a ciuistaut factor, a table has been constructed from which the 
c*»rre4.*tions are taken directly. This table gives the corrections for all stations wh(»S'' 
difference of altitude does not exceed 3U0 feet, and for an average daily temiM'ratQie 
falling l>etween 50^ and i¥f^. 

At t ne pres<.*iit writing (May 4) the compntations in this branch are drawing to a cbv^e. 
Tlie altitndeM have all yet to be trans4:ril>e<l. As common points are occupicil in differ- 
ent sca>Kins, it is a matter of continual vigilance to keep the records in order. From 
what was Mtate<l in regard to the ilata colle<-ted during the Sfeas<m of lt?77, no remarks 
need l>e iiuule as to the amount of work wldch Mt^ssrs. Lee and Dunn have acc*ompli»«ht^l. 
I^'sides the exiH*rtness of these gentlemen in the work of re^luction, their faiiiiliarty 
with what has l>een done in the office has rendered their presence alinoet a niNvssity in 
this branch. Mr. ilnssitn has worked diligently while employe^l in this branch ; as 
aim) has Mr. C(Mike, when his health pemiitte<l. 

In conclusion, I can assert that the progress in the work of reducing oljsei^-ations has* 
iM-en all thiit could lie expected, the relations between all the raemljers of the division 
entirely cordial and ple:isanr. The n^sults of last season*s work, of my own party, 
will m»oii apTN'ar upon Mr. Thompson's completetl plots. He has already, in the UM>it 
iM'autifnl and a<rcnrate manner, delineated more than one-half the area visitetl. An 
inspecticm of theHC maps will render intelligible the party movements above descrilH»*l. 
ana will of themselves give a correct impression of the physical features of the couutrj . 
1 have the houc»r to be, verj* respectfully, your obedient 8er\-ant, 

S. E. TlIXMAX. 

Firtit Lieutenant Corps Engineers. 
Lieut. G. M. Whekler, 

Carps of Engineers^ in charge* 
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Appendix C. 

execrxivb and descriptive report op lieutenant thomas w. 8ymons, corps 
of rngineers, on the operations of party no. 1, california section, field 
season of 1877. 

United States Engineer Office, 
Geographical Surveys West of the 100th Meridian, 

Wiishington, Z>. C, May 7, 1878. 

Sir : I have the honor to snbmit the following executive and descriptive report of 
party No. 1, California section of the United States Geographical Surveys West of the 
10*) til Meridian for the field season of 1877, 

Under orders from these hoadquatters, I proceeded from Washington, D. C, to Car- 
son City, Nev., at which place 1 arrived May 28, 1877, and took charge of the organ- 
ization of the parties of the California section, which were to be as follows : Pariy No. 
2, under Lient. M. M. Macomb, Fourth United States Artillery, a regularly-organized 
• topographical and geological party, to work to the sonth and west ; a ** \ irginia 
syiecial' party, under Mr. Anton Karl, to continue the detailed work about Virginia 
City and the country adjoining the Comstock ; a party under Mr. J. E. Weyss, to hnish 
the topograx)hical work about Lake Tahoe, commenced last year by Lieutenant 
Macomb, and a regularly-organized triangulatiou and tojiographical party to be con- 
ducted by myself. 

On May 31 Mr. Karl and his party, consisting of Louis Seckels, meteorologist and 
general topographical assistant, and John Ratferty, cook, were sent to American Flat, 
where thev established a camp near a small station ranch, very centrally located for 
their work. They were furnished with three mules, and their trausx>ortation was 
afterwanl increai»ed by an ambulance t4'am and driver. 

Transportation was provided for Mr. Weyss, who was not to start, until some three 
weeka later. Three selected mules were left at Carson from the herd sent up from 
Camp Indci>endence and four more were ordered from Ogden. 

AVe wen^ fortunate in securing the services of Messrs. B. P. French and Charles 
Howell, two old, exjierienced, and perfectly reliable packers and cargodores, who were 
immediately upon my arrival put to work, with the requisite assistance, rei)airing and 
stiifling the atmrejos and making such new rigging as was required. 

At the ren«lezvous camp at Treadway's ranch full sets of meteorological obser\'ation8 
w(»re taken from the time camp was formed until the parties left for the field. The 
aMHistants were given instructions about the care of their instruments and the methods 
of rejrairing and adjusting them when broken or damaged in service. All were prac- 
ticed in reading the barometers and in setting the aneroids. The odometer vehicles were 
nin several times over a measured distance and the proper values for the wheel-revo- 
lutions determined. I sent my commissary stores other than those to be carrii^l with 
the jiarty to four points in the territory which I was to occupy, namely : Susanville, 
I^assen County, and Eagleville, Alturas, and Camp Bidwell, Modoc County, California. 
On June 2 Mr. Spiller was sent to American Flat to assist Mr. Karl in locating some 
]K>int8 for his work, and to give him such instructions as were necessary to carrj' on 
the work successfully aftenvard. He returned to the rendezvous camp on the r)th. 

The country assigned to me was that embraced within the atlafe sheets .38 B and 38 
r>, and the i)ortion of the atlas sheet 47 B left unfinished the preceding year by Lieut. 
S. E. Tillman, consequently our topographical work did not commence until we 
reached the valley of Honey Lake. In order to carrj' on our triangulati(m in a satis- 
factory manner, it was uecessarj' that Tutib and the northeast bast; mountains should 
be n^occupietl and Tobaknm and State Line Peaks occupied outside the area of our topo- 
^aphtcal work. To do this work, on June 7 Mr. Sjjiller with Mr. Dunn, meteorolo- 
gist, J'i'ank Collins, packer, and Patrick Brinley, cook, started for a tri]) to the east and 
north, with instructions to meet us after the work was finished at McFadden*s Ranch, 
in Honey Lake Valley. 

My party was provided with a new lO-second triangnlation instnnnent, made by 
p'aiith, of Washington, two 6-inch topographical transits, three cisteni-barometers, 
tlirt'e aneroid banuneters, three psychrometers, one maximum and mininmm ther- 
mometer, three odometers, and one odometer vehicle, pocket thenucuneters, small com- 
paMse8, steel tapes, and other minor instruments. I was also provided with a sextant, 
artificial horizon, and the necessary books and tables to eiuible me to work uj) such 
obH4^rvations for time and latitude as I might take in the field. 

Arrangements were made by Lieutenant Macomb and myself to start on the 9th of 
June, on which day we both left the rendezvous camp. The usual scenes were wit- 
nesHcd with the wild, unmlv mules when first saddled and loaded, and it was not 
until about twelve oVlock, after infinite trouble, that we filed out through the W€»«t.- 
ern gate of " Uncle Tread's " ranch and across the valley, and through the foot-hilla 
oi* the Sierras took our northward way. 
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My party, taken altogether, at this time consisted of the following persons : Second 
Lieut. Thomas W. Symons, Corps of Engineers, executive officer and field astron- 
omer; Mr. J. C. Spiller, topographer; Mr. H. W. Heushaw, naturalist; Mr. George 
M. Dunn, meteorologist; Mr. Jay Cooke, jr., assistant topographer; Mr. Theodore H, 
Simpson, odometer recorder; Benjamin P. French, chief packer; Frank Collins and 
Henry Sa>Te, assistant x'ackere; Delancy Wilson, chief cook, and Patrick Brinley, 
assistant cook. We were provided with 12 riding mules, 13 pack mules, 2 extra mulea 
and 1 bell mare, in all 27 animals ; of the above, 4 men and 7 animals were away with 
Mr. Spiller, as before stated. 

The first day we marched 13^ miles and encamped at Winter's ranch, a short distance 
from the town of Ophir, in former times the seat of much wealth and industry, but now 
the picture of desolation and squalor. Our road skirted along the eastern slope of the 
Sierras, which have been almost stripped of timber to supply the voracious maw of the 
Comstoi'k. 

The 10th of Jime I sent the train on under charge of Mr. Hcnshaw, and went back 
myself by railroad to Virginia to occupy Mount Davidson and make some ob8er\'atiou8 
needed in our work. Returning that night by rail, I found the camp establLshed at 
Seller's ranch within a mile of Keno. Steamboat Springs, on the line of the railroa<l, is 
rapidly l>ecomiug a fashionable place of resort ; a tine hotel and extensive bath-houj^e^ 
have been erected, and many persons in ill health, especially those afflicted with 
rheumatism, retire here and find great relief by bathing in the heated waters. The 
steam rises from many places over the surface of the ground, and presents quite a wierd 
aspect. These springs may bo regarded as a bud of promise for the future, for the 
a<:tion which is going on below the grimnd in the great fissures is probably the same as 
that which took i)lace in the Comstock when its great musses of mineral wealth were 
depositi'd for our use. In the remote ages of the future, when the Comstock will have 
be«»n exhausted and its exiiitence perhaps forgotten, some hardy band of prosyiectors 
may find its double in the region below these springs. Then the Sierras will again lie 
stnp]>ed of their forest covering and the busy scenes of to-day enacted over agaiu in 
this desert land. 

Moving northward from Reno, we reached, on the 15th, McFadden's ranch, where we 
were to await the coming of the side party then out. The road is very good and quite 
extensively traveled, passing through Long Valley and skirting H(mey Lake, at siiine 
distance from it, however. Much hue fanning land lies in the southern and western 

Eart of H<mey Lake Valley. Cnltivation is rendered practicable by the streams which 
ow down from the Sierras and furnish water for irrigation. Without irrigation noth- 
ing can be raised here, as the rains only come during the winter season. Honey Lake 
takes its name fn)m the abundance of honey-dew which collect* on the leaves and 
branches of certain plants in the adjacent countrj'. Along the bank of the Susan River 
it is said to collect on a wide-leaved plant in great quantities, and hardens by evapo- 
ration until it resembles sugar. Tlie Indians then gather the plants, and by shaking 
and thrashing loosen the sugar and collect it in blank«*ts. They have been known to 
gather in this way hundreds of pounds of the sugar. Honey-dew fromdifterent leaves 
has a slightly ditferent flavor, that from the balsam fir, on which I found it most 
abundant, having a nauseating taste, while that from the oak and plumluis a pleasant, 
pungent flavor. In a great many cttses it seemed to result from the puncture of insects 
of the geuuH Jphh in the leaves and delicate bark of the trees, while in others in which 
the honey abounded no such inst»cts could be found. In the latter case it must exude 
itHclf from the pores of the ]daut without any aid from the iiLst»ct world. Thin sub- 
stance doe« not seem to be suitable for being converted into honey by the bee, for 
these busy inw^cts were but ran^y seen in the region whei'e it abounded. We remained 
encanijied at McFadden's for about one week a\Naiting the side party. This side party 
left Carson City June 7, and encamped at Sutro Springs in the Flowery Range of niount- 
ains. The next day two statiouH were occux»ied and camp was removed to Nelson 
tank, a well in the des<'rt. The next camp was at Wadsworth, where pennission was 
obtained from the railroad authorilies for the use of water from the tank at I>es<-rt 
Station, which place was reached at night on the 9th. On a barren desert, without 
even sage-brush to enliven the prospect, they were compelled to make use of the tele- 
graph-poles to fjisten the mules, and the next morning three of the aniumls, one pack 
an<l two riding mules, were missing. Sending a packer back for them, Mr. Spiller and 
Mr. Dimn occuj>ied Tutib Peak as a triangiilation station. 

The packer sent for the mules did not return until the following morning, having 
had to follow one to within a short distance of Carson, being constantly in the saddle 
for more than twenty-four hours, and having ridden the mules over one hundred and 
six miles. The party then moved down the Truckee to the Pyramid Lake Indian 
Agency, and then around the lake, and occupied Mount Tobakum. 

Pyramid Lake, althougli it receives the fresh water of the Truckee River, the out- 
let of that gem of lakes, Tahoe, is very strongly alkaline, and the water is not ^ood for 
human use, althoue^h it can be used for a short period without much inconvenience. 

Moving around- the north end of the lake the party took up its march to the west 
through Saint Emidio Ca&on by Fish Springs and Fort Sage Cafion to State Line Peak, 



GEOGRAPHICAL SURVEYS WEST OF THE lOOTH MERIDIAN. 115 

which was occnpied on the 20th, and the main camp at McFadden's ranch reached on 
th«i 2l8t. 

We left McFadden's on the 23d, and made our next camp on the Sierra Nevadas, on 
Thompson's Creek, under Mount Thompson, our next triangulation point, which was 
occnpied on the 24th. 

In it« physical characteristics Honey Lake Valley is similar to the other valleys lying 
along the eastern slope of the Sierra Neva<las, being of alluvial and lacustrine fonna- 
tion and rendered fertile by the water which conies down from the mountains in many 
streams, and which, meanaering through the valley, finds a resting place in the lake. 
This lake, one of the last resting places of the sea which once prevailed, has no outlet, 
and is very strongly alkaUne, the water being entirely nntit for use. During some 
seasons of excessive drought, when there has been little rain and snow on the mount- 
ains, the lake, wasting away by evaporation, and receiving no relief, becomes gradn- 
allv less and less until it resembles the mud fiats of the Black Rock countrv. In 1863 
it became entirely dry, according to the account of the inhabitants of the valley. At 
the present time it has an average depth of only about IS inches. It was formerly a 
part of the great basin, being connected with the Black Rock deserts by the low coun- 
try lying between Hot Springs and State Line Peaks. 

This valley was settled by Peter Lassen and the people whom he induced to come 
into it, and many were the conflicts between the settlers and the Indians, who, how- 
ever, never made any organized resistance. It was also at one period a refuge and 
stronghold for outlaws and desperadoes. Then, after the settlers were well established 
and their pn>sperity assured, came the Honey Lake war between the people of Plumas 
County, who claimed the valley for Cahfomia and as part of their county, and the 
Himey Lakers, who claimed that it was outside the limits of CaUfomia and not sub- 
ject to jurisdiction therefrom. 

Peter Lassen, who has given his name to Lassen County, Lassen Peak, Lassen Pass, 
^c, was a Danish sailor who obtained a Spanish land-grant of three square leagues 
near the mouth of Deer Creek. Being a man of no education and very fit tie natural 
ability, he wiis soon swindled out of his property. He then moved to Indian Valley, 
and thence to the valley of Honey Lake, where he took up a fine ranch in a branch 
valley known lis Elysian Valley. He first conduct4?d emigrants over the Lassen 
Trail! Desiring to secure settlers for his grant and for the Sacramento Valley, he left 
his ranch and went across over to Humboldt, and met a party of emigrants and 
brought them around by the way of Sur^irise Valley, Goose Lake, and Pitt River, a 
very long journey and over a much worse road than he could have gone by the very 
direct way through lYedonyer^s Pass, which is now the chiefly traveled emigrant- 
road north of the Donner Pass Trail. Lassen was killed in a battle with the Indians 
at Red Rock, and is buried on his old ranch in Elysian Valley under an enormous 
pine-tree fully 8 feet in diameter. 

On June 2.Vwe reached Susanville. the county seat of Lassen County, and the largest 
place in Northeastern California. It has a population of between 500 and 600, and is 
prettily situated where the Susan River breaKs out from the mountains. The land- 
otfiee of the northeastern <listrict of California is located here, and it has telegraphic 
communication with the rest of the world. On our last day's march we passed the 
little villages of Janesville and Bunnelsburg, situated at the base of the Sierras where 
cool streams come down from the mountains. 

Leaving Susanville we passed to the north and east of Honey Lake, and made camp 
in the Hot Spring Mountains. We had aUnost given un finding water, and were 
anticipating a dry camp, when, seeing some doves, we followed them ana came to a 
little spring from which we obtained a sufliciency of water for our use. Between the 
mountains and the lake are some very hot springs, in which the water boils up be- 
tween two and three feet above the level of the pool formed by its action. Testing 
the water we found it to be 210<^ Fahr. This, at an altitude of 4,000 feet, shows a 
inucli higher temperature than water boiling under ordinary circumstances, and indi- 
cates a confined and overheatetl state of the water below. 

After the necessary work about the Hot Spring Mountains we moved across the 
northern valley and thence to Eagle Lake. This is of an entirely different character 
from Honey Lake, being of very clear good water and abounding with wild fowl 
and fish. It is situated at an altitude of about 5,130 feet above the level of the sea, 
and the country in the vicinity is very heavily timbered and abounds with game. It 
has no apparent outlet, but about a mile from the lake to the southeast large springs 
exist which continually cast forth sreat quantities of water, and which I think must be 
the wrater of the lake which thus nnds an outlet beneath the surface of the ground. 
Without an outlet the water must become stagnant and bad, which it is very far from 
being. The springs above mentioned form the headwaters of Willow Creek, which 
liows in a southeasterly direction and sinks in Honey Lake. Its waters are largely 
une<l for irrigation pur^ioses in the valley. A scheme was talked of while I was in 
the conntrj' for bringing the waters of Eagle Lake to the Honey Lake Valley to irri- 
gate the portions of the valley not now reached by the existing streams. 

9 WH 
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A cut and tnnnol were to be made through the rock separating the hike from the head 
of Willow Creek, and then using the channel-way of tne creek for the water until a 
point was reached near the valley, where, in artificial channels, the wat«r was to be 
deflected off to the high ground, which is not at present reached by it. By^ this means 
many hundred acres of very valuable land could be brought under cultivation. Leav- 
ing Eagle Lake the party moved down Willow Creek in a southerly direction, and 
then struck off across a great bend of the creek and made camp at the southern end of 
Pete's Valley, where the waters of this valley, when there are any, join those of Wil- 
low Creek. On this day's march, and on many others afterward, we underwent the 
experience of traveling over the great beds of loose lava-rocks which exist in this 
northern country. Loose li^ht earth, filled and covered with rounded rocks of an 
average size of three to four inches in diameter, form a combination exceedingly im- 
pleasaut to travel over and very hard on the animals. This country was undoubtedly 
the scene of very energetic glacial action in the long ago. Evidences of it are very 
abundant and uumistaKable. 

Our next camp was at the north end of Horse Lake, a small reservoir-lake of strongly 
alkaline, undriukable water, lying to the east of Eagle Lake. Here we remained two 
days working up the country in the vicinity. 

Leaving our camp on Horse Lake we passed down by the east of the lake, and then 

going over to the east through Snow Storm Valley we* encamped at the Secret Valley 
priugs. The hills are covered with grass, but there is no water. Thence we moved 
on down Secret Valley across Dry Valley to Mud Springs and made camp on Rush 
Creek. The country is a series of mesas, valleys, and ravines, bom of the volcano and 
molded into shape by the action of wat«r. Our j)oor mules found it very hard going. 
On the morning of the 18th of July we started for Shinu's ranch, distance about ten 
miles, but owing to misdirections and the difficulties of getting around we did not 
reach there until the evening of the 21st. 

Leaving Shinn's ranch we started to cross the Madelaine Plains, intending to go to 
a little valley off to the north of the plains called Cold Spring Valley. 

We remained encamped at Cold Spring for several days making side trips to Tale- 
dad, Painter's Flat, and McDonald's Peak. 

On the mountain peaks in this part of the country we noticed very curious mounds 
of rocks piled up by the hands of man. On a large rock there would be placed three 
to five and six rocks of a smaller size, forming a distinct pile. About the extreme sum- 
mit of McDonald's Peak we found from one hundred to one hundred and fifty of these 
mounds. Who built them, and for what purpose, I was unable to determine. 

Leaving Cold Spring we moved to the east to a place near TuledacL where camp was 
made and the topographical work carried on. A party was sent to EagleviUe to pro- 
cure supplies, which reached us on the 31st of July. Leaving this camp we moved 
on over the mountains and struck one of the branches of the South Fork of the Pitt 
River, thence to the west and to the South Fork Peak, where an azimuth station was 
made. Here I recovered a mule, which had been stolen at Cold Spring, by sending 
some Pitt River Indians after it. 

After occupying the South Fork Mountain as a triangulation station we moved over 
to the east and made camp on the western slope of the Sierras, or, rather, the spur called 
the Warner Range. Encamping in Jess's Valley, we remained several days endeavor- 
ing to make a satisfactory station on Eagle Peak, which was rendered almost impos- 
:^ble on account of the smoky condition of the atmosphere. We had a very ple^ksaut 
camp on the banks of a pretty mountain stream alive with delicious mountain trout, 
ion which we feasted. Thence moving north we made a camp on the head of Pine 
Creek, where we also were compelled to remain several days, owing to the very smoky 
condition of the atmosphere, caused by the extensive fires which were raging on a 
range of mountains to tne west. We were in a very wild and unfrequented part of the 
country, covered with timber and brush and a goo<Uy number of springs and mountain 
streams. Deer were abundant, and several were killed, and grizzly bears and bear- 
signs were seen. 

Moving north we camped in Cedarville Pass, and thence went to Alturas, the county 
fieat of Modoc County, situated on the north fork of the Pitt River. This is a place of 
about 100 to 150 inhabitant« — ^whites, blacks. Chinamen, and Indians. The town is 
the center of trade for the Lower Goose Lake country and for the inhabitants of the 
country whose homes are on the streams which go to make up the Pitt River. 

August 24 we left Alturas, and after making a detour to the east and occupying 
another peak of the Warner range as a triangulation station, we proceeded on our Vay 
around the west shore of Goose Lake. Numbers of very thrifty-looking ranches are 
clustered about the southern and southeastern borders of the lake. The lake now is 
merely a sink, as it has not run out by its old outlet, Pitt River, for many years. The 
water is very much better than the ordinary sink water, but is yet unfit for human uhc. 
From the best evidence that I could obtain, I found that it did run out through ihe 
river eight years ago. 

According to the traditions of the inhabitants of the country the old Laaaen trail 
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whioli was traversed by emigrants to Oregon crossed over the lake, or rather where the 
lake now is. The old roa<l^an be distinctly traced, crossing Lassen Pass from Surprise 
Valley and down to the lake, where it apparently went right on where now the water 
is qaite deep, probably eight to ten feet. It is also distinctly marked on the other 
Hide, seeming to come rignt out of the lake, and, ascending the bluffs, proceeds to the 
west across the lava-beds. There are two peninsulas jutting out from the east and 
west, now submerged, on which the road runs, leaving only a comparatively narrow 
area of the lake between them, which may have been dry when the trail was used. 
The only wav that I can satisfactorily account for this change in the condition of the 
lake is that the former southern limits were these two peninsulas and the waters of the 
lake found an outlet through the Pitt River, and the accumulated waters of the lake 
were very much less in quantity than at present. In seasons of excessive freshet and 
in the spring when the melting snows swell the waters, the lake overflowed and spread 
over what is now the southern portion of the lake, below the peninsulas above men- 
tioned. At these times great storms and tempests, sweeping down from the north, tore 
away the southern barrier of the lake, which was between the peninsulas, and carried 
it fsother to the south and formed the present barrier to the outflowing of the waters 
through Pitt River. This being continued for year after year, the barrier becoming 
gradually higher and higher, the waters of the lake accumulated until thev now cover 
the peninsulas and the old road with several feet of water, and have blocked up per- 
manently their outlet to Pitt River; thus changing £h>m a lake, whose waters reached 
the ocean, to a sink. 

The lake is the home of innumerable wild geese, ducks, white and blue herons, sea- 
gulls, &c., and many fish live in its waters. These fish are chiefly trout, and at cer- 
tain seasons of the year are caught in great quantities. Along the western shore of 
the lake the bluffs come down very close to the wat-er in most places, and very little 
land is to be found which is of any value for cultivation or grazing until the north 
end of the lake is nearly reached. 

Leaving the lake we struck off to the west and north to make an examination of 
Drew's Valley, Oregon, and the country thereabouts. This valley is very beautifully 
situated in the mountains of Southeastern Oregon, has plenty of good water flowing 
through it, and is just within the outskirts of the great pine forests which cover the 
dhills to the north. It is chiefly used for grazing purposes, as it is too high and col 
to be cultivated with success. The road from Qoose Lake to Linkville passes through 
the valley. After flnishing our work about Drew's Valley we moved across the graz- 
ing country north of Goose Lake and encamped in Crooked Creek CaQon. Crooked 
Creek is a tributary of the Chewancan, which flows into Abert Lake and there sinks. 
It flows through a very pretty valley about ten miles long and from one to two miles 
wide. Leaving Crooked Creek we struck out across the mountains over the trail to 
old Camp Warner. This trail leads us through timber most of the way, up and down 
bills, through pretty little valleys, and finally descending a steex) mountain-side through 
heavv pines we saw spread out before us the old camp with its houses, barracks, «hop», 
cx)rrals, flag-staff, &c., very much as it had been lerb a few years before when it was 
abandoned by the troops. The only persons about were a couple of sheei)-herder8 who 
-w^ attending to their flocks which were grazing in the valley below. It was a sad 
li^fnt to see the old place going to ruin, but it ha4 answered its pnrpose. 

On September 4 we reached Warner Valley and encamped at Jones's ranch. Here 
the main partv remained while a side party was sent off to the east to occupy Moimt 
Warner and Beatty's Butte. Warner or Christmas Lake is in this valley, and a very 
large area about the lake is devoted to raising hay with which to feed the cattle in 
winter that in the summer And their sust<enapoe on the hills and the remainder of the 
low lands about the lake. On the return of the side party we left Warner Valley and 
followed the old Warner road to Goose Lake Valley and came to Lakeview, the county 
seat of Lake County, Oregon. This small town was started only about one year before 
our visit, in the most convenient position for transacting the county business, and at 
the same time to be the commercial center of the popmated portion of the country 
thereabont. 

Our course then lay to the south along the section of the country lying between the 
mountains and the lake. This is a fertile section, well watered by the streams which 
come down from the mountains, and is well settled. Crossing over the Lake Ciry 
Pass we made our first entry into Surprise Valley and proceeded north to Camp 
Bid well. Here we were received with the greatest hospitality by the officers of the 
post, and every facility afforded us for repairing our transportation and getting things 
in condition for further work. Here we bade adieu to Messrs. Henshaw and Cooke, 
-who were ordered in by Lieutenant Wheeler, and on the 27th of September we left. Bidwell 
and moved down the west side of the valley as far as Eagleville, when we crossed over to 
the east and up the east side as far as 49 Cafion. Following the emigrant road as far 
as Massacre Flat we left the present well-traveled road and struck off to the south- 
east by the old and now abandoned road which leads through High Rock Cafion 
Oar rout<e lay for the most part through the barren sage deserts and across alkali flats 
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Nothing can exceed the horrid desolation of this conntiy, where no living thing, bird, 
beast; or insect, is seen. The vegetation of the district, the sage-brush, simply adds 
to the depressing effect. 

High Rock CaQon is a very long and very narrow caAon, generally from 50 to 200 
yards in width, with vertical walls two to five hundred feet in height. We travele<l 
for nearly 40 miles through the cafion, and, emerging therefrom, proceeded on to Mad 
Meadows, the residence of Mr. Wenncr, one of the large cattle-owners of the countrj-. 
This Mud Meadows lie on the borders of the great Black Rock Desert, and are the win- 
tering place for a goodly number of cattle. Here Pinte Peak was occupied as a tri- 
anguTation station, and we moved on to the southwest up Little High Rock CaQon, 
along the face of a white, crumbling cliff under overhanging rocks, and by a little lake 
which forms the sink for the waters which come down from High Rock and it« branch 
cafions; thence across the hills to a spring under Division Peak, which was next occu- 
pied. 

Tlie view from a high mountain in this vicinity presents a wonderful picture of the 
grandeur and utter deM>lation and horror of this waterless and upheaved desert. To 
the east rises the Black Rock Range, a verv rugged, banded, and spotted line of hills 
made up of white, red, aud black volcanic rock. Farther on another and another 
range rises from the desert, which is a white barren plain many miles in extent, the 
whole looking like black islands in a sea of milk. To the south, barren rugged 
mountains and alkaline lakes as far as the eye can reach. To the north and west Ties 
the higher mountain country, covered with the brown verdure aud with bunch-grasei. 
This section is ranged over by many cattle which find excellent feed and make the 
finest beef in the world. , Their numbers are limited by the supply of water, which is 
veiy Hmall. We continued in this country until October 20, when we again reacb«Ml 
Bunmse VaUev, going down Hayes Cafion and across to Eagleville and down to 
Bare's ranch, the most southerly in the valley. 

Surprise Valley, lying partly in California and partly in Nevada, just at the eastern 
foot of the Warner range and to the west of the upneaved volcanic table-lands of 
Northern Nevada, is the l)ed of an ancient lake, vestiges of which remain in th«« 
alkaline sinks and flats, of which there aru three principal ones in the valley. The 
northern aud wastem portions of the valley between the mountains and the lakes are 
very fertile and highly cultivated, being well watered by the mountain streams. It 
contains about five or six hundred inhabitants, exclusive of the military det<achmentri 
statioue<l at Bidwell. The T)eople of the valley find the chief market for their suridus 
of hay and grain and the other products of the soil at Bidwell. where it is used for tht* 
supply of the garrison. I heard much about a railroad whicn wa« contemplated and 
which had been surveyed from Mill City on the Central Pacific Railroad tnrough by 
way of the Granite Mountains, Deep Hole, Squaw Valley, &.C., to Suri)rise, thence to 
proceed across the mountains and into Oregon. I am unable to see how such a rail- 
road, of which both the construction and the running expenses must be very large, 
could pay expenses for a long time to come. 

Leaving Surprise Valley we set out, going through the old outlet of the lake by the 
main road to Reno, and separating at Clark's, aliout 10 miles from the valley, two 
courses were run to the Granite Mountain, which was occupied as onr last triangula- 
tion station October 26. A four days' march from Granite Mountain brought us to 
Susan ville, passing by Wall Springs, Murphy's Salt Works, Smoke Creek, and Shafers. 
Mr. Murphy has built up quite an industry in the desert. On boring a few feet into 
the soil, water is found which is a fully saturated solution of salt, and which by means 
of a windmill he pumps into inclosed sx)aces of the ground, and there it is evaporated 
and leaves the salt, which is very pure and of excellent quality. From one gallon of 
water he gets two pounds and ten ounces of salt. He was extending his works so as 
to make more salt, as he is at present unable to supply the demand. 

From Susan ville we moved south to Reno, and then to Verdi, on the Central Pacific 
Road. Here a base-line wsis measured and this and the Coast Survey astronomical 
monument established by Professor Davidson were connected with the triangiilation 
of 1876 and 1877. The base-line is located to the east of Verdi and on a plateau above 
the Truckee River. 

We found that the astronomical monument, which had been built of brick, had be<*n 
taken up and carted off, probably to build a chimney for some one in the vicinity. We 
put up a granite monument as nearly in the exact spot as p<)ssible, which was well 
marked by the platform around it and the remains of the bricks and mortar of the 
monument. The base-line was laid out on the most level place we could select, where 
its ends could be seen from the monument and the triangulation points to be connected 
with. It was necessary to grub out the sage-brush ana throw out large quantities of 
rock in order to reduce the base to a condition favorable to measure. Afrer the line 
had been cleared about 6 feet wide, stakes of a length of about 6 feet were sighted in 
with great care at a distance of about 500 feet from each other and 6 inches nt»m the 
central line. In the measurement a strong cord was drawn taut between the two con- 
secutive stakes and made fast, and the steel tape was stretched along the central line 
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of the base, which was thus 6 inches from the cord. The ends of the tape-lenfrths 
were marked by wooden pegs, in which ordinary toilet-inns were placed at the exact 
spot. After the measurement was completed the pegs were leveled and the inclined 
measured lengths all reduced to horizontal distances. The method of measurement did 
away the necessity for sighting in each tape-length and gave a basis on which the 
measurement could be rex>eated any number of times with the utmost rapidity. 

A table of natural sines and cosines was used in reducing the tape-lengths to the 
horizontal. The record was kept and computation made in a book prepared in the 
following form, and which is thus explained: 

Assunung the tape-length to be 50 feet, if we multiply it by 2 will give 100 feet = 
100 times the radius of a table of natural sines and cosines. The diflference of eleva- 
tion in the two ends of the tape multiplied by 2 will give the sine of the angle of 
elevation or depression with a radius of 100. This divided by 100 gives the natural 
sine with a ratbus of unity. Taking from a table of natural sines and cosines the 
cosrine corresponding to this sine, which multiplied by ^^^ gives the cosine with a 
radios of 50^, or the horizontal distance corresponding to the inclined measurement, 
50 feet or one tape-length minus the cosine thus obtained gives the reduction in length 
of tape corrt^ponding to the difterence of elevation. In tlie computation the tape is 
assumed to l>e 50 feet, whereas it is 49.908 feet nearly. When portions of tapes were 
used the same principle was applied. 
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The length of the tape was accurately determined by comparison with the standard 
normal nxls of the Coast Survey night and morning. 

The base was measured twice, once by myself and once by Mr. Spiller. 

The following results were obtained by my measurement : 

Feet. 

Length measured 8529.163 

173 pins (36 = 1 inch) half dimensions used.... .200 



Feot. 

Reduction for level 3.873 

Reduction for overmeasure beyond end 2.970 



8529.363 



6.843 



Horizontal length of base 8522.520 

Aa determined by Mr. Spiller's measurement 8522.385 

Mean adopted 8522.452 

On the 24th of November we left Verdi and arrive*! at Carson on the 26th, highly 
delighte<l to be through with our long field season. On the 28th Lieutenant Mac«)inb 
and nis party arrived, and the parties were disbanded and the assistants sent to Wash- 
ington or discharged as the case might be. Lieutenant Macomb and myself nMuained 
In Carson making an inventory of, inspecting, and storing the proi>eri>y pertaining to 
the survey, and flipping the instrument's, &c., to Washington. This took us till the 
16th of December, when we started for the East, and I arrived in Washington Decem- 
ber 26. 

8ince returning from the field I have been engaged on oflSce-work, chiefly in com- 
puting the sextant observations taken last year by the officers of the survey, also in 
arranging and computing a list of stars for the use of observers the coming field season. 
I have also had the general superintendence of the reduction and plotting of work on 
atlaa sheets 47 B and 38 D and 38 B. 
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I have computed, of the sextant obserrations, ld6 time starB, 93 latitudes by Polaris, 
aud 68 latitudes by south stars. 

In conclusion I wish to thank every member of my party, who, by their cheerful 
good nature and intelligent devotion in duty, contributed to make of the Iouk field 
season a season of pleasure to be looked back upon in after years with pride aucf witb 
very few but joyous recollections. 

I am, sir, very respectfully, your obedient servant, 

Thomas W. Stmons, 
Seoand Lieutenant of JCngineen, 
Lieut. Geo. M. Wheeler, 

Corps of Engineers, in charge. 
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BRIEF EXECUTIVE AND DESCRIPTIVE REPORT OF UEUT. WILLARD YOUXO, CORPS OP 
ENGINEERS, OX THE OPERATIONS OP PARTY NO. 1, UTAH SECTION, FIELD SEASON 
OF 1877. 

United States Engineer Office, 
Geoorapeqcal Surveys West of the 100th Meridian, 

Ogden, Utahf February 22, 1878. 

Sir : The following is a brief report of the operations of Party No. 1, of the Utah 
section, while under my charge during the season of 1877. 

Reporting on September 15 to Lieutenant Tillman, in charge of the Utah section, at 
Fort. HalJL Idaho, I was directed by him to take charge of Party No. 1, organized as 
follows : Executive officer and field astronomer, Lieut. W. Young ; topographer, Gilbert 
Thompson ; meteorologist, John A. Hasson ; odometer recorder, William Looram ; two 
packers, and one cook. 

After receiving instructions from Lieutenant Tillman as to method of conducting 
work, area to be covered, &c., I, with the party organized as above, left the camp at 
Fort Hall, September 16, and moved to the vicinity of Mount Putnam. Four days 
were spent here in meandering roads and getting the necessary field-notes for topog- 
raphy. Mount Putnam and South Putnam being occupied as triangulation stations, and 
several minor points as topographical stations. The party then returned to Fort Hall 
for supplies. Hations for thirty days hav ing been procured the party again moved to the 
-vicinity of Mount Putnam, such additional information being gain& as the meander 
of a new route could furnish. 

Leaving the Lauder road, which we had followed up Ross Fork Creek, we crossed the 
low divide which separates the little valley at the foot of Mount Putnam fit>m the 
upper valley of the Port Neuf. In this valley and on the Soda Springs and Fort Hall 
road we connected with work previously done by the party under Lieutenant Tillman. 
Turning from the road and following up an important tributary of the Port Neuf we 
crossed the mountain range to the south of Mount Putnam by a high pass leading into 
Rapid Creek Calion on the west of the range. We succeeded in getting through this 
cnfion without any mishaps whatever, although from its narrowness, the almost pre- 
cipitotis descent, thick brush, and woods we had anticipated trouble. At the mouth 
of the caflon we turned north along the base of the mountains, and followed the north 
fork of Rapid Creek to its head ; then crossing the divide into the valley of Ross Fork 
we followed this stream to the Indian agency and post-office on the Montana stage- 
road. Several topographical stations were made in the group of hills bounded by the 
Port Neuf, Rapid Creek, and Ross Fork. 

Leaving the agency September 29, we followed the stage-road to the mouth of the 
Port Neuf Cation. An important tributary which enters here from the south was then 
meandered to its head. Several stations were made on prominent points, when we 
returned to the stage-road at the mouth of the canon . On the night of October 3, while 
in the mountains, our thermometer registered 3" below zero, the coldest we experienced 
during the season. The road up the Port Neuf and through Marsh Valley to the forks 
at Watson's was then meandered, as also the old emigrant-road up the Port Neuf aliovc 
Harkness to the foot of Sedgwick Peak. Sedgwick was reoccupied October 7, when 
check-readings to Mount Putnam aud other jioints were made. From Watson's the 
old emigrant-road up Hawkins Creek to Malade Springs was followed . A day was spent 
in the hills just south of this road and north of Fontaine's Peak, where several topo- 
graphical stations were made. From Malade Springs the old Montana stage-road to 
Malade City was followed. On the way, and at the little settlement of Elkhom, while 
waiting to occupy Elkhom Peak, we were detained four days by bad weather. 

Leaving Malade October 17, the road up Devil Creek and down Marsh VaDey to the 
orks at Watson's was meandered, aud connection made with our previous work« Ox- 
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ford Peak was occupied on the ISth, and Fontaine Peak on the 20th. From Watson's 
the Franklin stage-road was followed as far as Packer's Bridge, on Bear River, where 
connection was again made with work done hy the party under Lieutenant Tillman. 

In crossing the divide between Marsh and Cache Valleys careful barometric obser\'a- 
tions wore made to determine whether the outlet to ancient Salt Lake, or Lake Bon- 
neville, could not have been through this pass. The observations showed the present 
divide to be considerably lower than the highest beach-marks of the Salt Lake Basin. 
Indeed, beach-marks are to be seen on either side of the road over the divide, and at 
a considerable elevation above it. These marks seem to terminate in this direction 
about 2 miles north of the present divide. In Marsh Valley I could discover no 
beach-marks corresponding with the higher beach-marks of Lake Bonneville, although 
most of the valley is covered with a pebbly gravel, evidently of lacustrine origin. 
This, in places, is arranged into terraces, which are I think veritable beach-marks. 
They have no connection, however, with the beach-marks of Lake Bonneville, but are 
entirely local, as they are even lower than the present divide between the two valleys. 
The divide itself between the valleys is peculiar. There is a kind of swampy basin or 
lake, a mile long or more, which marks the real divide. From one end of this lake the 
water flows northward into Marsh Valley, and thence into the Snake River; from the 
other end it tio*^ s southward into Bear River. 

Abont 2 miles north of this lake the water flowing northward breaks through a lime- 
stone ledge several hundred feet high. This ledge or spur, which marks the limits of 
the higher beach-marks, was the ancient divide between the two valleys. The canon 
now formed through it shows unmistakable signs of powerful water-action, and this 
action, I think, can be referred very properly to the overflowing waters of Lake Bonne- 
ville, one of whose outlets at least was through this caflon, down Marsh Valley, and 
through the caAon of the Port Neuf, to Snake River. The peculiarities of Marsh Val- 
ley and of the Port Neuf Caflon below Marsh Valley would seem to favor this opinion. 

Going fix>m Packer's Bridge to Weston, and then crossinc^ the mountains by the 
wagon-road tnrongh the Weston Pass, the party again reached Malade October 25. A 




luonntains to secure tne toi)ograpny oi tue range lying net ween Jiaiaae ana uacne 
Valleys. From Hampton's a detour into Cache Valley was made for the purpose of 
meandering Ihe most important romls there. 

Mr. Hasson, the meteorologist of the party, left us at Hampton's, after our return 
from Cache Valley, November 7, on account of sickness, going to Ogden and thence to 
Waahiugton, D. 0. His duties during the remainder of the season were performed by 
Mr. Looram. 

The old Bois4 stage-road to Point Lookont, and thence to Blue Springs, was then 
followed. From Blue Springs we crossed over into Pokatillo Valley, and then following 
the Curlew and Samaria road we again reached Malade November 10. The road along 
the western side of the valley was then followed, and several days were spent in get- 
ting^ the topography of the mountain range on the west of the valley, between 
Samaria ana Point Lookout. 

While camped in Portage CaAon, November 14, we were joined by Messrs. McClnre 
and Stone, members of the special Montana party under Lieutenant Tillman. The 
roa<l8 fironi Hampton's Bridge to Corinne and to Brigham City, on the western and 
eastern sides of Bear River, respectively, having been meanderea, the party proceeded 
to Ogden, reaching there Novemljer 25. The party was disbanded there on the 29th. 

Mr, Thomx)8on, topographer, was engaged for several days in detailed surveys 
about Ogden. November 30 he aud Private Messer, of Lieutenant Bimie's party, 
made the ascent of Observatory Peak. 

The work of the party after leaving Fort Hall, September 16, till close of season, 
and including ascent of Observatory Peak aud work about Ogden, may be briefly 
stated as follows : 

Number of miles surveye<l • 618. 599 

Number of miles unsurveyed 284.742 



I 



Total travel from September 15 903.341 

Number of triaugulation stations occupied 5. 

Number of topographical stations occupied 63. 

Number of meander stations 1105. 

The meteorological work was carried out in accordance with printed instructions. 

Although many of our camps were made in the near vicinity of towns and of the 
Montana stage-road, which, during the summer montlis^ is alniost continuously trav- 
eled by freighters from Corinne and Franklin, we found it necessary to purchase forage 
for our animals but twice during the whole season. Indeed, the whole country trav- 
ersed by the party is eminently a grazing one, with grass in abundance almost everj^- 
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where, and it is, besides, more than moderately "well wooded and watered. The 
northern portion, lyinj» within the Fort Hall Indian Reseri'ation, is but little developed 
agriculturally, although it la capable of sustaining a considerable population. A little 
farming, however, is being done by the Indians at the agency, and at Fort Hall there 
is an excellent post-garden. South of the reservation, in Southern Idaho and North- 
em Utah, the country is quite thickly settled and little towns are numerous. The 
inhabitants are engaged in cattle-raising and general agricultural pursuits, and con- 
siderable attention is also paid to manufacturing. Mining Interests in this regiou are 
little if at all developed, although rich minerals are said to have been discovered in 
some of the mountains borderinj^ Cache Valley. 

Too much credit cannot be given Mr. Thompson for his efficient work, to whom 
besides I am indebted for many timely and valuable suggestions. 

Mr. Looram, too, as odometer recorder and meteorologist, was all that could be de- 
sired. 

Very respectfully, your obedient servant, 

W. YOTTNG, 

Second Lieutenant, Corpe of Ungineen, 
Lieut. Geo. M. Wheeler, 

Corpe of Engineers, in charge. 
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EXEcnrvTs and descriptive report of lieutenant r. birnie, jr., ordnance 

DEPARTMENT, ON THE OPERATIONS OF PARTY NO. 2, UTAH SECTION, FIELD SEASON 

OF lti77. 

United States Engineer Office, 
Geographical Surveys West of the IOOth Meridian, 

Washington, J), C, June 14, 1878. 

Sir: I have the honor to submit the following report of the operations of party No. 
2, Utah 84^ction, during the field season of 1877. 

The party was organized at Ogden, Utah, between May 28 and June 5, 1877, nnder 
the direction of Lieut. S. E. Tillman, Cori)8 of Engineers, in connection with his own. 

By ycmr instructions, the area embraced in atlas sheets 41 A and 32 C was to bo 
surveyed by the party, (for boundaries of these sheets see pnigreas-map,) except that 
portion in the southern part- of 41 A previously surveyed und<»r the dirt»ction of Clar- 
ence King. This left the natural boundaries of our area as follows: On the south the 
parallel approximately of Keltou ; on the west, the meridian crossing Snake River 
near the mouth of Goose Creek ; on the north, the parallel of Fort Hall ; and on the 
east the meridian that cuts the point of I*romontory Kange where it juts into Great 
Salt Lake. This last also fonned the diviHion line with the area of Lieutenant Till- 
man's party on the east. A map compiled in the office by J. W. Ward gave a good 
general idea of the country. Arrangementfl were made to have on hand at Kelton 
thirty days^ supply of rations ; sixty days' at Sweetser's ranch on Raft River, a central 
point in the western part of the area ; thirty days' at Fort Hall, and thirty days' at 
Malade. Fort Hall and Malade were both without the area, but the selection of jioints 
was confined to those at which freight could be delivered. All were on or contiguous 
to the two freight-roads that traverse that country north from the railroad. 

The pertfonnel of the party which left Ogden June 5 was as follows: J. W. Ward 
and Alfred Downing, general service United States Army, topographers ; F. M. Lee 
and F. E. McCrary, meteorological observers and recorders ; S. B. Cameron, odometer 
recorder; Private M. G. Brenholtz, Company D, Fourteenth Infantry; with two 
packers and one cook, and myself as executive officer and field astronomer — ^making ten 
m all. I was also acting ordnance officer, acting assistant quartermaster, and acting 
commissary of subsistence for the Utah section. Each member of the party was, as 
usual, provided with arms and ammunition, a riding mule and equipments, and tentage-. 
The u.sual instruments were assigned and each one personally charged with the car© 
of his own. Except the tri angulation instrument, which was gradnated onlv to IK> 
sec<mds, our supply was thorough for its purpose with the survey — ^topography and 
barom«'tric hy]»sometry. A meander line was run from Ogden through the towns of 
North Ogden,' Willard, Brighaiu City, and Corinno to Skeen's ranch on Blue Creek, 
near the Central Pacific Railroad. This march, which is about 50 miles, brought us 
to the field of our work. 

North Ogden Peak had been occupied «» route, in connection with the party of Lieu- 
tenant Tilmian, to concert, a plan for the field triangulation. The point did not have 
sufficient command to be of much value in this respect, but gave me valuable knowl- 
edge as to the points that would probably be seen by them in our country. South 
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Promontory, Tangent, North Promontory, Cache, Black Pine, and Elkhom Peaks were 
in view. 

South Promontory Peak was occupied from the camp at Skeen's ranch. I was there 
enabled to project a good connection with the development of the Ogde^ base. 

ROUTE OF THE PARTY. 

From Skeen's the meander followed the direct road to Salt Springs, where a halt was 
made for several days; North Promontory Peak occupied for triaugnlation, and an- 
other point in the same range near by for topography ; the second road from Blue Creek 
waH also meandered back to Cedar Springs. From Salt Springs to Kelton the road by 
way of Monument Point was meandered; while at Kelton a circuit was made through 
Curlew and by Emigrant Spring. The party then moved by short marches along the 
south of the Clear Creek Mountains, passing through Dove Creek Valley, and thence 
to the head of the South Fork of Kallt River at the western border of the area. From 
Big Creek there was no wagon-road. The Clear Creek Range was crossed to Rafk 
River by trail from the caQon of Muddy Creek. This trail leaver the cafion on the 
north a short half-mile above its mouth. Topographical work, embracing Dove Creek 
Valley and the southern slope of the range, was brought forward, and the highest 
point in the range between Dove Creek and Goose Creek occupied for triaugulation. 

Turning northward from the head of Raft River, and following the South Fork to 
Ha junction with the North Fork, and thence through Summit Valley, we came upon 
the Kelton and Boise City stage-road near the City of Rocks. This roa4l posses along 
the north side of the Clear Creek Range. We followed along it toward Kelton untu 
a connection was made at Emigrant Springs with the previous meander from Kelton. 
Oar tents were pitched for several days at the mouth of Clear Creek Cafion near this 
road. 

Since leaving the head of Raft River we had almost completed the survey of the 
course of the upper portion of the river, its tributaries, and the mountains about their 
heads. IfYom Summit Valley a trip had been made to occupy Cache Peak. The ascent 
was made from the west and the descent on the south, along Cove Creek to Raft. River. 
In the vicinity of the City of Rocks several topographical stations were occupied, and 
two detours had been made from the route into the Clear Creek Monntains. JbYom 
Raft River Station the southern part of what we have called the Cliff Range was also 
worked. A side party made the connection at Emigrant Spring, and occu]ued a sta- 
tion near the head of Cedar Creek, completing the topography of the Clear Creek 
Range. 

Another important detour was made fit>m this camp to the Black Pine Mountains. 
Passing through the low divide (near Emigrant Spring) that separates the Clear 
Creek from the Black Pine Mountains, we eutere<l this latter group from the south 
through the broad cafion so plainly visible from Kolton. At the head of this cafion 
mining operations have be.en conducted with a g(K>d deal of activity. We called it 
Miners' Cafion. The southern of the three most central and highest of the Black Pine 
Peaks was occupied for triaugulation. Returning to Clear Creek Camp we found a 
good trail through the natural pass to the south of the peaks, and passed into the 
caQon on the west slope. Near the head of this a wood-road was found which we fol< 
lowed through the cafion and to the Kelton and Bois<$ City freight-road near Kelso's 
ranch. This road was meandered south to Rice's ranch and thence a cross-road taken 
to camp. Finally leaving this camp we followed the road near Clear Creek and Raft 
River to Sweetser's ranch, to which place sixty days' rations ha<l been forwarded and 
now became our base of supplies through several weeks. We first made a detour to 
embrace the country lying between Raft River and Rock Creek, Joining to the previous 
work in the Black Pine Monntains and carrying it north to Snake River. To do this 
we proceeded to Hitchings' cattle-ranch, which is situated on the west side of and near 
the pass that separates the Black Pine from the Sublett Mountains. The wagon-road 
from Curlew to Sublett passes through this pass. The pass was examined and topo- 
graphical work done in the mountains near. The road was followed back to where 
it joins the Snblett cut-off (road), at the mouth of the Sublett Cafion. The Sublett 
road was now followed across the range to the Rock Creek drain ; here the road was 
left and the drain followed to the springs that form the head of the creek in the valley, 
and thence the course of the creek to Snake River. We there came U])on the old emi- 
grant-road, along the south bank of the river, and followed it to Warm Creek. In the 
mean time numerous detours had been made from the route and a sufficient number of 
points occupied to carefully develop the topography of the range north from the Black 
Fine Mountains to the diainage of Warm Creek. This is a very short stream, and its 
drains, extending but a few mile« from the river, were gotten from Badger Peak (a tri- 
angulation station) and a topographical station near it. The Sublett Ranee is con- 
tinuous between the pass from Curlew Valley (which we called the Black Pine Pass) 
and Snake River. It runs nearly north and south, but north of the main drain of Sub- 
lett Creek is much broken into nearly parallel ridges, its drains trending generally 



124 REPORT OF THE CHIEF OF ENGINEERS. 

north and sonth nntil, making an abmpt torn, they break away from the range in an 
east or west direction. 

From Warm Creek camp we meandered the stream to near its sonrce^ and passed 
westerly through the foot-nills, direct to Raft River, for the most part without trail. 
The road along the east side of the stream was followed to Sweetser's. Mr. Ward, by 
a side trip, completed the topography of the Cliff Range. Mr. Downing conducted a 
closed meander, which followed the road from Sweetser's to Marsh Laxe; thence up 
the stream to Marsh Basin, where the Bois^ freight-road was intersected; and thence 
retnmed along that road to Cache Creek settlement. From this settlement to Sweet- 
ser's he followed a direct road, a portion of the Sublett-. On finally leaving this camp 
a meander was run along the road on the east side of Raft River up to the bridge at 
the crossing of the Bois^ road, and thence along this latter to Cache Creek settlement. 
From this place one portion of the party completed the meander of the road to ita 
crossing of Marsh Creek. The remainder, with Mr. Ward, made a detour to get the 
topography of Cache Creek and its branches and the upper streams of Marsh Creek. 

At Marsh Creek I divided the party. Mr. Ward with the main portion remained in 
the vicinity, to finish the topography of the Cache Creek Mountains and that part of 
the valley drainage of Goose Creek within our area. This would complete the western 
portion of the area north to the vicinity of the emigrant-road along the sonth bank 
of Snake River. 

Messrs. Downing, Lee, Marshall, and myself, as lightly equipped as possible, pro- 
ceeded to Rice's F'erry, and crossed Snake River to the desert country on ite north. 

Tlie uncertainty of nnding any water in the northwestern part of atlas sheet 32 C, 
left it for us, with our limited means of transporting this necessary article, only to 
make a direct march from one stream to the other. I decided to cross toward Snake 
River, since I was conversant with the topography of the couutrv in it« vicinity, and 
hence could direct the march to any desired point, while Wood River was flowing 
through a flat country and its locality not well known. 

Our small party traveled from the ferry down the north bank of the river and along 
the new freight road established with the ferry. We camped near the Shoshone Falls 
(above) at a spring in what has been called the DeviPs Corral. This name waa ac- 
quired during the gold excitement at this place a few years since, and results from the 
natural iiiclosure of very black rock walls. From this pomt on Snake River a line 
nearly due north crosses Wood River in about 28 miles; this route was taken as en- 
abling us to cross the desert in one day's march. After reaching Wood River its 
course was followed up in a northeast direction until latitude 43° 07^ as shown approx- 
imately by the sextant, was reached. Here the river changes its direction to the 
north and showed us that to follow it further would materially increase our distance 
ft^m Snake River. We were, besides, near the latitude of our northern line of survey. 
A low point in the desert some 6 miles east of our upper camp on the river waa selected 
and occupied as the most favorable for topography. Near the suiumit of this we 
found a monument of rough stones about 4^ feet uiKh, but no record as to who built 
it. The point itself proved to be an old crater, ancT forms a portion of the volcauic 
ridge that running north and south is marked by a prominent bntte some 20 miles 
north of the ferry (Rice's). This latter butte we had before named Wood River Butte. 

Our camp on Wood River was struck at noon, and we took a direct course to reach 
a point on Suake River, about 16 miles above the ferry. The object was to strike 
Snake River as far up as possible, and thus increase the travel within the limita of 32 
C. One dry camp was made and Snake River reached the following day at sundown. 
The distance is about 48 miles. Small extinct craters were numerously met with, in- 
dicating that this lava formation was the result of extended ebullition, rather than the 
flow of a few craters. But individual flows of considerable magnitude were after- 
ward met in another part of this desert. We reached the ferry one day after Mr. 
Ward\s arrival there with the rest of the party. 

Finding that it would be necessary to return to the ferry along the north side of the 
river, I left there a supply for rations for fifteen days. 

We now took the emigrant road along the south side of Snake River, and meandered 
it clost^ly from Goose Creek to Bannock Creek. At Marsh Lake a connection was made 
with the previous meander from Sweetser's and at Fall Creek with that through the 
Sublett Mountains. A topographical station was occupied immediately west of Marsh 
Lake. At Bannock Creek the party left the emigrant road to meander the stream and 
to work the topography of the Bannock Range from Snake River to Deep Creek Peak. 
With this view Mr. Downing and myself had separated from the remainder of the party 
a short distance below American Falls, and passed across the range to meet the rest 
of the party on Bannock Creek. We crossed from the head of Warm Creek to Moon- 
shine Creek and joined the others where this latter joins the Bannock. A number of 
stations were occupied in the vicinity of our line. The party then continued the me- 
ander of the road up the longer fork of Bannock to Toponce's Ranch, near its head. 
From this camj) Deep Creek Peak was occupied for triangulation, &c. Turning north 
again we next camped at the head of the west fork of the stream. The source of this 
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we called Fonntain Springs, from the immenBe force and volnme with which several 
issued £rom their sonrces — ^rock crevices. Bannock Peak was occupied ; the topogra- 
phy in the vicinity completed. Shortness of rations prevented our undertaking any 
new work before replenishing, so we proceeded directly to Fort Hall. JSn route we re- 
traced a part of our route up Bannock Creek and passed the Indian farms on that 
creek and Monsieur Creek. The Snake River road was taken up again near Bannock 
Creek and meandered across the Port Neuf ford to Ross Fork. From that place to Fort 
Hall, the upper of the two roads that branch from the Lander road along Ross Fork 
Creek was meandered. 

While at Fort Hall, in connection with Lieutenant Tillman's party, we made an un- 
successful attempt to triangulate from Mount Putnam. The momine of September 16 
we left Fort Hall to cross the Snake River and complete the survey of the desert country. 
At our camp at Warren's store on that evening, a sad and fatal accident occurred in 
the death of Mr. J. W. Ward, who was mortally wounded and died almost immediately 
from the effects of a shot from his own pistol ; which was discharged on falling to the 
floor from his waist. His remains wero, on the 17th, interred at Fort Hall. The party 
was much crippled by the loss of its principtJ topographer. From this time Mr. Down- 
ing had charge of the meander and topographical work, with such assistance as I 
could render from time to time. 

From Warron's the meander was run along the Blackfoot to Snake River, and down 
the east bank of that stream to near the site of old Fort Hall. Several attempts were 
made to ford the river between these x>oints, but no safe crossing could be found for 
pa^sk animals, and none where one even felt assured to be able to cross without having 
to swim the animal. The crossing was made by means of small boats, in which the 
cargo was carried. The mules re^ly swam after the bell-mare, the latter swimming 
with a lead rope from the stem of one of the boats. A camp was established for a 
few days at the large springs some 6 miles from the river, on the emigrant road. 
This road is not used at present. The ferry at the mouth of the Blackfoot, whero the 
crossing of Snake River was made^ has been abandoned. These springs are the last 
water on the road until Big Butte is reached, about 30 miles from them. The old road, 
which, in the event of settlements on Lost River or of the success of the mining 
countiy of Salmon River, is likely to be a good deal traveled, was meandered from the 
old ferry to the Butte. This latter was occupied for triangulation. 

A direct march was next undertaken from the springs to a small lake, reported to lie in 
the desert some 8 miles north of the mouth of Fall Creek. Directing our march accord- 
ingly, the lake was reached on the rooming of the second day. But little lava was met 
with on this march, but heavy sage-brush, interspersed with good grazing grounds. The 
lava countiy was off to our north and west. The fact was developed that along the 
whole portion of Snake River that we followed, from the Blackfoot to below Rice 
Ferry, there stretches back from the river some 8 or 10 miles of good grazing land. 
This makes sufficient grazing to maintain a great number of cattle, and is probably 
also quite commensurate with the water sup]^y, £h>m which latter the cattle cannot 
go to any great distance. The little lake vmere at this time we wero camped, is situ- 
ated in the desert, some 7 mUes from the river, and about it is found for miles as fine 
grazing as could be desired. 

J^lr. Downing continued one day's maroh without trail and came upon Snake River 
a few miles below the mouth of Raft River, and proceeded down the river to within a 
short distance of the ferry, making a connection with our previous meander to that 
place on the Wood River trip. The fifteen days' supply of rations at the ferry was 
taken up, and he turned to follow closely the north bank of the river with a view to a 
conrinuons meander of it. 

In the mean time, with water and provisions for two night-s, I proceeded from the 
lake with one man to occupy Pillar Butte for triangulation and topograx>hy. This 
point was reached from a " dry camp " by a walk of 4^ miles over very rough lava 
rock. A loose animal scarcely could travel over it. A small monument was found, 
but no record. The first standard parallel of the land survey south of Bois^ is marked 
as locate<l, and this point should not be more than 2 mues to the north of it. I 
retnmed to the lake and thence proceeded to Snake River, where I met the rest of the 
party nearly opposite the mouth of Fall Creek. At this point there is a little island 
near the north bank, and just above this island is the only safe ford we found on the 
river, and this only at low water. The line of crossing extends from the north bank 
about 100 feet above the point of the island and makes an angle of from 10^ to 15^ 
down the stream with the thread of the current. We followed the river bank as 
closely as possible up to the previous crossing at the boat ferry. The marshy bottom 
laud with heavy undergrowth in many places between American Falls and the cross- 
ing prevented a continuous survey there, but a number of points were fixed, either by 
the meander or cros&>sights. From the ferry to Ross Fork or Fort Hall Indian Agency 
our route crossed the bottom land. This was remarkable for the number of springs 
and streams ; the grass was excellent, and as the stmimer advances forms the pastur- 
age for the horses of the Indians at the agency. While the pack-train went di- 
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rectly from the agency to Fort Hall Mr. Downing meandered the road to Warren's, 
and i went by way of Monnt Putnam. Tliis second time I found no clouds to inter- 
fere ; the night w^as sjient near the summit, and the early morning, although very 
cohl, gave line opportunity for observation. 

October the 12th we finally left Fort Hall, occupied a couple of stations in the low 
hills to the west, and camped on the little stream to the west, of the divide, on the 
road to the agency, whence we proceeded to the agency and followed down the stream 
(Ross Fork). From where this enters the bottom land we croawd the latter directly 
to the Port Neuf, at the foixl of the old Fort Hall stage-road. Here a little variety was 
introduced in the ordinarily monotonous march of the pack-train by several mules 
becoming mired, one of which had to be unloa<led and helped out from a stream nearly 
waist deep. The meander of the Port Neuf was taken up at its junction with Snake 
River, and the stream followed up to the junction of its largest branch from the 
Pocotalla Mountains on the south. At the junction of the Port Neuf with the Snake 
we found the initial point (monument) used in the survey of the Fort Hall Indian 
Reservation. We turned up the branch above referred to into the Pocotalla Mount- 
ains, which were carefully worked. The route up this stream was in part identical 
with that of Lieutenant \ oung's party. A low pass at the head of the stream brought 
US into the drainage of Rattlesnake Creek, which we crossed some 5 or 6 miles above 
its junction with iBannock Creek. The march was continued across the country to 
Toponce's Ranch, where we made connection with a previous meander. The mean- 
der was continued along the west base of the Malade Mountains to the Sublett road, on 
which the low divide between the hea<l of Bannock and Deep Creeks was crossed. 

l^om Toponce's the Malade road was meandered as far as its int<»rsection with the 
Sublett road, near the head of Little Malade River. As we were here traveling adja- 
cent to the area of the other party, stations were occupied to connect with their work. 
At our camp at the Sublett road' we found a record of the other party. As they had 
meandered the road thence to Malade, we proceeded directly there, to obtain a fivsh 
supply of rations. We camped there with Lieutenant Young's party, and together 
arranged to complete the area about the common line. 

From Malade my partv moved by way of the small settlement of Big Bend to near 
the head of the Big Malade. A systematic survey of the Malade or West Mountains 
was conuiienced and carried north to the head of Little Malade, connecting with our 
previous work, the party meantime moving by slow marches along the east base of 
the range. From Elkhorn a jieak of the same name was occupied for triangulation; 
this had been previously occunied by the other party. When the Sublett road was 
reached we turned west and followed it across the range until the meander was con- 
nected with the previous one that had left it at the head of Rock Creek drain. We 
remained in camp for several days at Twin Springs, on this road, detained by the 
weather, which since we left Malade had become systematically bad and disagreeable. 

An important station was occupied in the Baimock Range, south of Deep Creek 
Peak. It was chosen near where tlie range divides into two spurs. One continuing 
to the south falls away in the forks of Deep Creek and Bankhead Creek ; the other runs 
westerly toward the Sublett Mountains, and forms the low divide between the head of 
Rock and Bankhead Creeks. It connects with the Sublett Range at Antelope Peak. 
From this peak (Antelope) a spur of the Sublett Range runs south and terminates near 
Curlew. We crossed this spur near it« base to Black Pine Creek. This is a small 
stream that heads about the Black Pine Pass before referrexl to. Our route aeroHS the 
spur enalded us to complete the Sublett Mountains except the Curlew Spur. From 
Black Pine Creek we proceeded to Curlew, there again connecting with Ward's mean- 
der from Kelton. Deep Creek Valley was followed to the head of the stream, and the 
topography of the Curlew Spur completed. From Deep Creek to Samaria the road 
from Twin Springs was taken, and meandered to near the latter place ; where leaving 
it we passed by Warm Springs, and again to Malade. From Malade we returned to 
Warm Springs by the Httlo saw-mill, situated at the junction of the waters of the 
springs with the big Malade. The road to Hansel Spring, through Pocotalla Valley, 
was taken up and meandered through. 

From Hansel Spring stations were occupied in the Hansel Mountains and to the 
north in the ridge that separates Deep Creek and Pocotalla Valleys. A meander was 
also run to the springs that are (several in number) at the east oase of the Hansel 
Mountains, and near the dim road from Hansel Spring to Salt Springs (mentioned in 
the early part of the route) ; another meander was made to complete the survey of the 
roads in Deep Creek Valley, particularly to take up at Deep Creek crossing the Corinue 
and Curlew road. This road was now followed across the Promontory Range to the 
head of Blue Creek, and from that point the route via Sweetwater Spring was followed 
to the head of Salt Creek, on Point Lookout, Lieutenant Young's party having mean- 
dered the more direct road, via Blind Spring, between Point Lookout and head of Blue 
Creek. A minor topographical station wiis made in the Promontory Range, near 
the road, and two others in the ridge between Blue and Salt Creeks. The roa<l l>e- 
tweeu Point Lookout and Connor's Springs was meandered. A meander from Point 
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Lookout to Corinne completed the work of the«paTty. Returning to Ogden, the route 
was the same aa that taken going out. At Big Spring, some 9 miles from Ogden, we 
were joined by Lieutenant \oung's party. Tne two reached Ogden November 25, and 
my party was disbanded as soon as practicable, Mr. Downing and others being retained 
a few days to do some detailed topography about the observatory and Weber River in 
the vicinity. 

To economize time and at the same time to reach every portion of the area was held 
the principal object in view throughout. This caused the main routes of travel to be 
taken in broken parts, but their survey was finally made continuous and a duplica- 
tion of routes of travel thus almost entirely avoided. 

At Kelton. June 20, my chief packer was replaced by James Marshall, whose pre- 
vious knowledge of the country we afterward traversed became of much practical 
benefit. At Clear Creek, July 19, the cook was replaced by Charles Harris. At Fort 
Hall, Sopt'Omber 11, the assistant packer was discharged ; his duties were thereafter 
very capably performed by Private Brenholtz. Artificer Joseph Messer, Coniitany 
I, ^ourteentli Infantry, joined the party at this time and continued with it to the end 
of the season, in the ca])acity of general assistant. 

In Mr. J. W. Ward, who died so suddenly at Warren's, on the 16th of September, the 
party and the survey lost a most efficient topo^aplier and energetic worker. This 
was his first season with the survey in the fieltL but his accurate manner of taking 
notes and following out the details of the work, with his brightness and capacity 
and determination to excel, coupled with previous experience in similar work, clearly 
showed his superior ust^fulness. Officially and personally I deeply regret the loss of 
this able worker and efficient assistant. To Messrs. Downing, Lee. SlcCrary, and Cam- 
eron I extend my thanks for their efficient aid. Mr. McCrary, at nis own n^quest, was 
relieved from, duty in the field and left the party at Fort Hall, September 15. Messrs. 
Lee and McCrary deserve speoial commeudation for their care of the delicate instru- 
ments intrusted to their charge. 

The area surveyed by the party was a little over 7,000 square miles, not including 
the meander without it by way of the Shoshone Falls and Wood River. One hundred 
and seventy-three days were spent in the field. As before hidicated, the triangulation 
was directly connected with that of the Ogden base party and Lieutenant Tillman, by 
occupying several points in common. My main stations were l*romontor>", North I*rom- 
ontory or Blue Creek. Clear Creek or Rosebud, Cache, Black Pine, Ba<lgcr, Deep 
Creek, Bannock, Big Butte, Pillar Butte, Putnam and Elkhom Peaks. The following 
are additional statistics of operations, viz : 

Number of peaks occupied for topography 134 

Number of camps (main and side) 122 

Number of miles meandered ^ 1,842 

Number of meander-stations 1, 959 

Number of miles traversed but not meandered 1, 050 

Niunber of cistern-barometer stations 252 

Number of aneroid-barometer stations 1,707 

Number of variations determined by observations on Polaris 65 

Number of sextant latitude-stations 32 

Particular attention was paid to the plotting of drainage features in the field. By 
assuming a distance in the note-book to represent that between two adjacent stations 
(in kind) and plotting the cross-sights from these, a sufficient number of points were 
tixed to sketch in accurately the contours and drainage at once, so that wherever this 
was done the note-books rei^resent in detached parts a map of tne country. It will be 
readily seen that in harmonizing the scales, the relative positions of the different points 
in each will not be changed. When it happens that the distance between the initial 

JK>int8 is known, having been determined bv cross-sights from an odometer meander 
ine or by a field-tri angulation sketch, then the scale of the sketch can be fixed before- 
hand, say 2 miles to the inch. The reduction in office, as far as plan is concerned, then 
becomes a simple matter of transfer. The time required for this is not a serious objec- 
tion, for I believe a rapid workman can plot and sketch firom 25 to 30 square miles in 
a day far more accurately than by simple drainage sketches from a single station, and 
much more rapidly than by plane-table work, which it somewhat resembles. It more- 
over gives absolute instrumental angles to every point. This for mountain country. 
A meander-line through a valley or flat country, if the same principle is followed out, 
"will giye equally gooa and sufficient results for the portion commanded by the line. 

GENERAL DESCRIPTION. 

A little study of the topographical features of the country will show our area to be 
divided into two drainage basins, the great Salt Lake and the Snake River. The divid- 
ing line between these is a broken chain of mountains. The general direction of this 
4liyide is northeast and southwest, but the tendency of all the spurs is toward a north 
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and south direction. This latter featitre is 8o marked, that the most prominent ridges 
of the chain are found with this direction. We must, however, except the Clear 
Creek or Raft River Range in the southwest, which squarely interposes it«elf between 
the basins, with its crest approximately parallel to their lines of greatest depression. 
But following the divide from this ridge across Emigrant Pass, we come to the Black 
Pine Mountains, which extend to the north in the Sublett Range to Snake River. On the 
east and parallel to this is the Bannock Range and next the Malade Range. The Prom- 
ontory Range connects with the Malade, and forms a well-defined ridge, from Ptomon- 
tory Point in the Great Salt Lake, that runs nearly due north and falls away at the 
Port Neuf Cafion. As a result of this formation, the great divide, finding its way from 
one to another of these north and south ridges, crosses a series of low passes. These 
passes constitute one of its most important features, and, until explored, formed objects 
of especial interest as possible outlets of Lake Boimeville. 

The Promontory Range, with its extension north, formed nearly the eastern bound- 
ary' of our area. Between this range and the Clear Creek we find four prominent 
passes. 

Between the Malade and Bannock Ranges is the Deep Creek Pass. The approach to 
this on the south is by the east fork of Deep Creek, on the north is the south fork of 
Bannock Creek. The declivity of its approaches is remarkably gentle and open ; its 
altitudes approximately 5,350 feet. No road traverses it at present, but the construc- 
tion of one would be an easy matter. 

The second is the pass between the Bannock and Sublett Ranges. The west branch 
of Deep Creek (BauKhead Creek) heads on its south and Rock Creek on its north. It 
is several hundred feet higher than the Deep Creek Pass, but is open and would serve 
as an easy means of communication. 

The third is between the Sublett and Black Pine Mountains, and is called the Black 
Pine Pass : on its southeast side is a little creek of the same name. The drain of this 
creek readies Deep Creek at Curlew, and a wagon-road from Curlew traverses the pass 
to Raft River Valley. So it results that Curlew is a point from which the natural ways 
to these throe passes radiate. The altitude of the Black Pine Pass is 5,537 feet. 

The fourth is Emigrant Pass, lying between the Black Pine and the Clear Creek 
Ranges ; its altitude is about 5^290 feet. The freight and sta^e road from Kelton to 
Boise City traverses this pass. Kelton is also the most availabte point on the railroad 
to communicate with Curlew ; it, therefore, comes to command the four passes. 

Observing that the highest beach-mark of the old lake is less than 5,200 feet, we see 
that the passes are all above it, and that none of them formed a place of outlet or 
overflow for old Lake Bonneville. 

beep Creek is the largest stream on the Salt Lake side of the divide ; it sinks at 
Curlew. This stream, in connection with several springs on the east side of its valley, 
will afford water for the irrigation of considerable tracts of land. A number of set- 
tlers are alretidy located and engaged in stock-raising, with farming on a small scale. 
At Black Pine Creek is a fine stock range, but a very limited supply of water for irri- 
gation. 

Qnite a number of small streams flow from the Clear Creek Mountains on the south, 
and through soil that would well repay cultivation. The misfortune, however, is that 
in the heat of summer their waters scarcely flow beyond the mouths of their callous. 
A few settlers are there, but their crops are not certain. 

Kelton, near the most northern point of Great Salt Lake, is well known as a station 
of the Central Pacific Railroad. It is about 25 feet above the level of the lake and is 
situated in an alkali plain ; its only importance is derived from its beinff a transfer 
point for freight and Jiassengers to Boise City, Atlanta, and vicinity, in Idaho. At 
Monument Point, salt is manufactured by evaporation from the water of the lake. 
Tlie operation is very inexpensive. The salt is principally shipped to the mining dis- 
tricts in Nevada and Utah for use in the reduction of ores. 

The lake side of the divide shows that a large portion of it has been covered by the 
waters of the lake, and the terraces are one of its most prominent features, reaching as 
they do to nearly 1,000 feet above the present water level. Such land is, of course, 
highly impregnated with alkali, and much of it is barren from this cause. The bene- 
ficial effects of some of the alkali salts in agriculture is well known, but here the ab- 
sence of running water has prevented a proper admixture of soil. The slopes afiford 
good grazing and the ground can be cultivated where it can be irrigated. But little 
wood is found growing below the old water-marks. 

A remarkable instance of wood growth was noticed adjacent to the road leading 
from Curlew to Black Pine Pass. Here the road ascends from one level to another over 
a series of distinct terraces. On one of these about a third of a mile in width is a 
thick growth of cedars, apparently many years old. On the terrace above (and con- 
sequently the older of the two) a few young trees are starting. The effect of this can 
be best appreciated as we saw it first from Black Pine Peak, where, looking down into 
and across this arm of the old lake, the edges of this succession of terraces appeared as 
graceful curves bending up the valley, and the terraces themselves as the treads of a 
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great stairway stret^bing distinctly across it. This growth of trees made one tread of 
{nreen distinct in outline and in ponect contrast to the others. It would seem that the 
8ediiiient deposited during the growth of this terrace contained germs of growth that 
were lacking in the others. 

THE XORTHSRN SLOPE. 

On the north side of the divide Snake River separates a country traversed by numer- 
ous streams on the south from a lava desert on its north side. 

The highest i>eak we had to ascend was Cache, the culminating point of a detached 
gronp of monntainsi that give rise to Willow and Birch Creeks, Marsh Creek, and Cache, 
Cove, and Alamo Creeks. The first two are tributary to Goose Cre«k, and the last 
three to Raft River. The altitude of Cache Peak is 10,451 feet. The name is somewhat 
in doubt and its origin is unknown. This spelling has been taken from the common 
pronunciation of the word. A divide from this peak connects around the head of 
Raft River, by the west, with the Clear Creek Mountains. To the north the group 
falls away at Snake River, and the same is tnie of the Sublett and Bannock Ranges. 
Comprising the country north from the divide to Snake Riv0v, we have, consequently, 
a series of north and south mountain ridges, with their intervening valleys. 

The largest of these is Rafb River Valley, which is traversed by a stream of the same 
name. Besides the tributaries mentioned above, this stream receives the drainage of 
the north slope of the Clear Creek Mountains, which comprises several fine streams. 
In the last 40 miles of its course the fall of the stream is slight ; the soil is of a spongy 
character, and in the heat of summer the water sinks and rises at intervals, leaving por- 
tions of the bed quite dry. In this flat portion of the valley a<\jacent to the stream is a 
large area of grass land. A q nan tity of hay is cured for the winter use of the large herds 
of cattle owned in the valley. One of our supply points was made at the ranch of Mr. 
Sweetser in this valley, and we are much indebted to him for his kindness and hos- 
pitality. Mr. Sweetser states that after a patient and careful trial of the soil for farm- 
ing, he was compelled to abandon the purpose ; the crops proved failures. This valley 
is the wintH»r herdiug-ground for a gi^at number of cattle. During the summer the 
herds are driven into the mountain valleys and the .pasturage of the main valley pre- 
served. In Sununit Valley, near the head of the nver, is a splendid summer range, 
and there are several others, including Rock Creek Valley. 

About the valley, in several places where the streams emerge fh)m the mountains, 
^ocxi fanning land is found; nearly every one, however, takes advantage of the 
immense ]>reponderance of grazing land and engages to a greater or less extent in 
cattle-raising. A thriving farming settlement is on Cache Creek. Yost's ranch, on a 
stream from the Clear Creek Range, has a promising appearance. I venture to express 
the opinion that settlers would do well in that vicinity and along Cove and Alamo 
Creeks. With the exception of Yost's ranch and one stage-station (Raft River Sta- 
tion), there are at present no permanent settlers in what may be called the middle 
valley. This valley is terminated above by the caflon below Summit Valley, and below 
by the little range of hills at Raft River Station. Summit Valley is too cold for culri- 
vntioii. In August, a fanning settlement was but just started on Sublett Creek. The 
altitude of this is but little greater than Cache Creek settlement, but it is doubtful if 
the soil is as good. 

Marsh Creek is the next stream below Raft River flowing into the Snake. Well up 
this stream is the most thri\inff farmuig settlement we found. The place is called 
Marsh Basin, and is a natural valley on the north side of the Cache Creek Mountains. 
The fireight-road from Kelton to Boise passes through the settlement. Goose Creek, 
the next below, is being rapidly settled. Fall Creek is a stream only a few miles 
long ; it flows into the Snake next almve Raft River. It is a very pretty stream, about 
10 feet across, and near its mouth falls successively over a number of clay and calca- 
reous cement ledges, some of them 6 feet in height. Its source is remarkable. Sev- 
eral large springs, near to each other, burst from the bottom of the drain and form 
the whole volume of the stream within 200 yards. Above these springs the dry drains 
extend back into the mountains 5 or 6 miles. The Sublett and Bannock Ranges 
throughout present this same phenomena, as evinced in the sources of Rock Creek, 
Warm Creek, and Bannock Creek, whose principal sources are all copious s]>rings at 
the feet of the mountains or well out in the valleys. The mountain soil is loose and 
porous and the drains almost all dry. If we do find a spring in a cafion it soon sinks, 
sometimes to make its appearance again below, with re-enforcement, and sometimes 
to disappear altogether. 

RfK-k Creek is the next stream of importance above Fall Creek. It drains the valley 
lying between the Sublett and Bannock ranges. This valley has been <le voted to 
grazing purposes. It is proposed to establish there a fanning settlement. The stream 
furnishes an abundant supply of water, and the experiment may well be tried. 

Bannock Creek is for the most part within the limits of the Fort Hall Indian Reser- 
vation. The Indians have one farm there which seems to do well. The potatoes were 
fine and the grains of wheat plump. About the upper portion of the stream is fine graz- 
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ing-land. The west fork, which furnishes its principal supply of water, has for its 
source a copious spring tiiat issues firom the foot of a mountain slope ; it issues from 
a crevice in the rock, down which a pole could be readily forced some 8 feet. We 
called it Fountain Spring. 

Next above Bannock tne Port Neuf comes into Snake River. At its junction is the 
initial point of the reservation. From this point the western boundary takes a direct 
line to Bannock Peak. 

The Indians have another farm on Monsieur Creek, a little tributary of the Port 
Neuf from the Pocotalla Mountains. Their largest feurm is at the agency on Ross Fork, 
a tributary of the Port Neuf on the north. 

From the mouth of the Blackfoot to American Falls the Snake River flows through 
bottom land. It closely skirts the desert on its north bank, but on the southeast side 
the bottom land is extensive. Numerous islands occur, and in places the river has three 
or four different channels. Cottonwood trees grow thickly along it in many phu-es 
and there are thickets of undergrowth, so that we found it impracticable to meander 
either bank closely (at this part). 

The American Falls is opposite the north end of the Bannock Range ; a low lava 
ridge thwarts the stream; and is a part of one extending in the same fine north into 
the desert. Below the falls the river makes its way through the southern portion or 
along the edge of the lava, the flow of which has been from the north. Occasionally as 
about the mouth of Upper Rock Creek, below Raft River, and notably where the two 
great falls occur, the lava is found on the south side and the river makes its way 
through the protruding tongues. Naturally where this occurs the river cations, the 
banks are high and steep, and it is difficult and oft«n impossible to travel close to the 
water^s edge. But between the American Falls and Rice's Ferry the river for the most 
part flows through a diy-looking country, its banks generally low, with goo<l pasture 
lands adjacent, especially on the north side, where, until quite recently, the country 
has been little grazed. The ford near Fall Creek has already been referred to. 

The average fall of the river from the boat-terry near the site of old Fort Hall to 
Rice's Ferry is about 1.8 feet to the mile, including the American Falls. This distance 
by the current is about 110 miles. The average width is not less than 200 yards ; in 
places it approaches 300 yards. 

The Indians swim their horses and can make a ford almost at any place where the 
approaches are good. But with the exception of the Fall Creek ford I found no place 
where perishable material could be safely carried over without the aid of rafts or boats, 
and that ford is not practicable before the middle of August. 

From the American Falls to Rice's Ferry a good trail follows close along the river- 
bank on the north side. On the south side the emigrant-road keeps quite close to the 
river as far as a little below Fall Creek, and then does not approach it again until 
near the month of Marsh Creek, being about 10 miles to the south of it at the Raft 
River crossing.' 

A lava desert stretches north from the Snake River some 60 miles t-o the Salmon 
River Mountains. Below the mouth of the Blackfoot but one road crosses this desert. 
Formerly there were ferries at the mouth of the Blackfoot and at Fort Hall f trading 
post). IfYom these ])oints roads converge and join at large springs about 6 miles from 
old Fort Hall. Thence the road takes a direct course, and passes around the east 
base of the Big Butte. On the north side of this butte, and not far from the road, is a 
quite accessible spring, distant about 30 miles from the large springs. The road is 
somewhat rough, but could easily bo made good. 

The next water beyond Big Butte is Lost River. This river is quite to the north of 
our area, and was not visited. It flows from the Salmon River Mountains cast into 
the desert, and sinks. Probably the best point to reach the sink of the river from the 
Snake, with a view to a new road, would be from tbe mouth of the Blackfoot, and 
one might bo constructed on that line, but the distances between water would be 
greater than by the present route, and the saving of travel would not be great. 

A notable feature of this country is the si)rings that rise adjacent to the Snake 
River, and appear to come from under the lava. Some of these have a great volume. 
Probably the rain-fall on the great extent of lava fljids its way into and through the 
rocks, and the water makes its appearance again in the springs at the edges of the 
bed near the river. A series of these springs is found adjacent to and on a line with 
the large spring referred to. These occur at the foot of a low bluff, and range nearly 
parallel to the river, some 6 miles fi-om it. Lower down the river large springs burst 
forth just at the bank. (It will be remembered that here the river cuts into the 
lava flow.) Two are found as far down as the vicinity of Raft River. 

Wood River joins the Malade and flows into the Snake below the Great Falls. As 
before stated, we followed only along its middle portion, not reaching its mouth or the 
mouth of its cation from the mountains. Between it and the Snake River above Ameri> 
can Falls lies the greatest extent of the dry country. While much of this is covered 
with lava rock through which one must pick his way to travel, there is yet left a 
large part of it covered with fine grazing, especially near the rivers. 
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The ronshest portions of the field lie between the Big Butte and Wood River; 
while, with a few exceptions, the country extending back a number of miles from 
Snake River is not difficult to traverse on horseback. 

Along Wood River where we traveled the bottom land would generally average an 
<*ighth of a mile in width. The altitude is less than 4.500 feet, and except for it« iso- 
lated position, coupled with danger from Indians, undoubtedly offers a fine field for 
settlers. 

Game is not plentifiil in this country, but bear, deer, antelope, beaver (quite numer- 
ous), and badger may be found. Ducks and geese are numerous, and an abundance 
of fish is to be found m the Snake River and its tributaries. 

No mines are at present in operation. Good prospects in silver ores have been 
worked to some extent in the Black Pine Mountains and along the northern slope of 
the Clear Creek Range. The gold washings on Snake River about the Great Falls 
are now almost deserted. I waa told that a few Chinamen are at work there now. 
Ten or twelve years ago this apparently inaccessible locality w^as a- busy mining place 
and paid weU. 

Very respectfUUy, sir, your obedient servant, 

R. BiRNiE, Jr., 
First Lieutenant of Ordnance, Executive Officer, 

Lieut. Gko. M. Whbeler, 

Corpff of £ngineer8j in charge. 
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EXKCmVE AND DESCRIPTIVE REPORT OF LIECTENANT CHARLES C. MORRISON, SIXTH 
CAVALRY, ON THE OPERATIONS OF PARTY NO. 2, COLORADO SECTION, FIELD SEASON 
OF 1»77. 

United States Engineer Office, 
Geographical Surveys West of the IOOth Meridian, 

Washingionj I), C, April 1, 1878. 

Sir: I have the honor to submit the following executive report of the operations of 
party No. 2, Colorwlo section, of the surveys west of the 100th meridian, for the field 
w^i.sc)n of 1877, together with a brief description of the country traversed and its 
resources. 

executive report. 

On the 16th of May I arrived at Fort Lyon, verbally ench arced with the organ- 
ization of the Colorado section, which having been acoomplishea, I sent party No. 1 
into the field May 24, under Mr. Niblack, with instructions to proceed directly to 
I'ueblo, Colo., where Lieutenant Bergland was to meet and take charge of it. 

The personnel of party No. 2 was : First Lieut. Charles C. Morrison, Sixth Cavalry, 
exerntive officer and field astronomer; Assistant Engineer F. O. Maxson, topograpli- 
ieal asHlstant; Mr. Thomas W. Goad, meteorological observer; Mr. C. De V. Davis, 
aniToid and o<lometer recorder: Mr. S. H. £lkins, general assistant; Juan de Jesus 
Martinez, Jos^ I. Martinez, ana Juan Garcia, packers, and Benjamin F. Harrison, 
pa<»ker and cook. 

My instructions were to proceed up the Purgatoire River to itA head, cross the main 
raiij^e by the Costilla Pass, thence follow down the west side of the range to Santa F6 , 
iToin there to reach some point in 77 D, at which work was left oft' the previous year; 
Uf tinish that quarter atlas-sheet and carry the survey over the one to the south (84 B), 
connecting w^e^stward with the w^ork west of the Rio Grande done in 1873. 

The party left Fort Lyon May 25, with thirty days' rations. The pack-train of 10 
ni riles was m good condition. The route of the party was up the Purgatoire River to 
its bead, thence across the headwaters of the Vermejo to the Costilla Pass, down the 
CoMtilla to the town of the same name ; thence following the drainage of the Rio 
Ciraiide to Fort Craig, where we entered upon the field proper of our summer's w^ork. 
On th«^ way down places left blank in previons years were surveyed. Of those there 
were several small mountain districts in the main range. 

A'ji ronte we encamped one day in Costilla Valley, above the narrow oafion, to post 
re«'ord«. From there we reached Costilla. l?>om Costilla we skirted the mountains. 
We were detained one day, June 6, near Los Cerros by a snow-storm, which prevented 
■work. From Los Cerros the main road to Coloraclo Creek w*as followed ; from there a 
trail to the mouth of that creek, keeping on the plateau ; thence by a trail to Arroyo 
HoihIo; from there, passing the old Indian pueblo of Taos, our route led through 
FeniAiidez de Taos and Ranches de Taos ; thence by a trail over the United States 
mountain, between the mill road and the Rio Grande Caflon road, down Pueblo Creek' 
to tlie Intliau pneblo of Pictiris; thence by trail north of the Pueblo Cafkon to £1' 

10 WH 
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Embndo : from tlM>TP we followed tb^^ riTPT moii to La Jots : thence 1>r th^ main mad 
to Santa (V. Tli«-iv wt- rt* inain«^i f«>ar dav-*. makin:; 04*rt>?«Harv compaii^MHiA of iDt'tt^r- 
olo;nra! i Imminent'* and p<i<*ir.:: th«* ivi'«»r«U, Fr»»in ifaota Ye the roat«^ down Santa 
F^ Cn-f k waM follow*^ hv way 'if rb<^ cafw>D a^ far a.<« La Bajaiia* leaving the M<-<<i 
n>ad to th^ right ; from thi.^ |H>inr th4» old ^Taji^ road to Ala^odones and Alboqa«'rqne 
waM foUowft'd to the lattt^r town : tbenct* down thf «>aKt hank of the Rio Grande toCcm* 
Blanria: from tbi?» litrl»- town we Irft the riv^^r by the roail leading to CVrro MontOM>: 
thenee nkirting ihtcmi bilL*, turning again toward the lirer, it was reached at a point 
oppoKtte Sor-om>, 

From SM'orro we went to the Magilalena Moimtain^. having to liniRh the to|>og- 
raphy of that range. The northeastern |M>rtion having been Hurveyed the pxe^ioibt 
year, there remained bat the mMithem and we^t^m 8lo|Mi^ from Cafion del Agna and 
Canon de la Maqnina. From the latter ration it wan intemled to work up the western 
slope of the range: with tbiit expeetation the paek-train. on the 4th of Jnly, waA di- 
rected to a i»mall spring ? or h* mileA fmok onr camp, while Mr. Maxfion and niy«4*lf 
occnpie«l a to|)ographical station. In cn>cv*ing an old lava flow they loHt the trail, 
bnt faintly market! on the rock, and not knowing wlieie the •pring wan, they wandered 
to the river, to which |H)int we traileti them, making a march of over 3D miIe^ 
after one o'clm'k. Celebrating thni«« in a most nnc<»mtortable manner, the Fooith. we 
reacbetl camp after eleven <»*cI«R'k at nicbt. The next day we went into Fort (Vaig. 
from which point Mr. Max.«on and Mr. Davi.t weiv jieut to the we«t of Magdalena Range, 
returning on July 10. We left Craig July 12 and foIlowe«l down the wetct bank of 
the Rio Grande. l)eyond San J«*»^ to La* Trifias^ thence diverging from the river to the 
Cafiada Alamo(«a ; ftt>m there to Po!omas Cre«*k. at the point where it bivakfi thrmigh 
the Sierra Negrita, we cut the Cucbtlla Xegra Creek 6 or ?? milen above the town of 
the Mime name; thence pa^^^ed down the Cnchilla Xegra to its junction with the 
river, and from there went to the McEae Ferry. Cmswng the river here we pruceetled 
to Tous.>aint*s ranch : thence back to the river bv the trail over the southern end of 
the Fra Cristobal Range, striking the river at AlanuK^ita: thence up the Rio Graiule 
on the east bank to I*araje Ferry, making a detonr at the northern end of the range t«» oc- 
cupy Kra Cristobal aj» a triangnfation marion. At F*araje Ferry we were occupi«l several 
days in ganging the Rio (vrande; having completed which we proceetletl ^~ia Annaya 
S)>ring to the San Andreas Mountains. Here we workeil ftom July !2S to August o. in 
that portion of the range almost destitnte of water. From Dripping S])ring we fol- 
Iowe<l the main road, by way of Mound Spring, across the Mai Pais to Jaralosa Spring ; 
thence by Nogal to Fort Stanton. Xogal IVak, at the head of the cret»k of the >amc 
name, was (K'cupied cm route as a triangnlation station and Toi^olita Peak for topog- 
raphy. While encam|»efl at Stanton a thorough sun'ey of the cave near there was 
made, a brief description of which will be given. 

Having drawn rations at Stanton, and with trauiqportation very much rei^tetl by the 
stay at the i)oslt, we proc<*edtHl up Btutito Creek to a |M>int which we had reaclieti while 
occupying Xogal Peak ; from there we cr«xs.M»<l over to Ruid«»so CYeek ; thence by the 
Rincoiia«I«» Konito trail to the summit of the range, where, leaving the main party at 
Carrizo Spring, one of the beads of Carrizo (*reek, Mr. Max>on and I followwl the crv^t 
of the range to the high White Mountain Peak, which lacks little of being 12.UM> feet 
elevation. After staying two nights on this jH'ak, which we occnpietl for triangnla- 
tion and azimuth olistTvations, we retume<l to the main camp ; thence followetl the trail 
df>wn into Rinconado Bonito. From there, skirting the western base of the mountains, 
we jm.ss4»d the Tr«»s Rios and the Tres Cem>s Springs and cut the n»ad leading to Stan- 
ton at Nogal Cn^k, which we followed to that jMwt. Rationing anew here, Septeml»er4. 
we folloAviHl down the Bonito past the town of Lincoln, doubled the southern end of 
the Capitan, which we occnpietl for triangiilatitm anil tojwgraphy ; then skirting the 
northern base, passing through the town of Los Ta bias, we next occnpietl Ea«st Carrizo 
Cone ; passing to the south of Pedemalnda and Carrizo Peaks we arrived at l^arrizof«o 
S])ring. Fnmi here the portion of the belt of Mai Pais or lava flow, north of Jaralitsa 
Spring, was surveyed. \Ve folloAve<l up the western <»tlge of the flow around the 
northeni end, down again by the east side to Carrizoso Spring. While at a dry camp 
at the iiortbem end, one of the packers was very ill with a congestive chill. Mr. 
Matthews verj* kindly sent a Avagon to bring him from camp to the Carrizoso ranch. 
From here we pro<*ee<led to the Jicarilla Mountains, when* we were four days eiigageil 
in the snr\'ey of this range, the greater portion of which Mr. Maxson did by short 
trips fnim the main camp at Winter's ranch. Fnmi there we went to Cerro Tecolote, 
which was occupied for triangnlation; thence to the Western GalUnas Si>ring. The 
Gallinas Mountains having lKH.*n finished, we next camped at the Gallinas Waterlude 
or Laguna ; from hen* MrJ Maxson, Mr. (ioad and I went to the Gran Quivira mius. 
nearly <lue we»*t of this point, a short description of which will be given elsewhere. 
Returning to the main camp the surAey was canicd to the north, cennectinc with the 
work of the previous year, by Mr. MaxFon, to the west to l*unto de Agua, by nly^t•lf. 
at whirli latter point the party were again united. From here we followed along the 
edge of the Mesa Jumaucs, camping at Cbupadero Spring and ranch. From this la ^t 
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camp^ by detour trips, the country lying between the Chupadero drain and basin of 
the Gran Quivira, south of the Mesa Jumanes, was surveyed ; this course being neces- 
sary for tJie want of water. lYom here we traveled to OJo del Llano, thence by way 
of the Cerro Colorado, which was occupied for triangulation, to the Kio Grande, which 
river we struck at San Pedro. Following the Kio Gi'ande, we arrived at Foit Craig, 
October 14, forty days out from Fort Stanton. Here we remained three days drawing 
rations, shoeing the animals, and repairing transportation, refilling aparejos, &c. 
From Craig, Swi Mateo Mountain was the next triangulation point to be occupied, 
and a very ^ood one it proved to be, although very difficult of ascent. Camping all 
night upon it, we caught the first fall of snow. From here we moved to Toussaint's 
ranch, thence to a dry camp southwest of the Oscnra Mountains. Thence we pro- 
ceeded along the western base of the Oscuras. Two more dry camps followed this one, 
just before reaching the latter of which a shorty sharp shower thoroughly wet the 
grass and drenched the mules, and enabled us to hll the water-kegs. HartUy had the 
rain ceased before all sign of it was gone ; the earth had taken it up like a sponge. It 
had saTed us an additional 20-miIe tramp, however, for we could not have longer done 
without it. It proved a greater benetit, for with the exception of one camp at Jara- 
lona Spring, we were dependent upon w^ater-holes filled by it for the next eight days. 

From the camp west of the Oscuras we doubled the northern end of the range. Mr. 
MajEson was sent on a side trip up through the Mesa country, while I carried the survey 
into Jaralosa Springy where he joined the main party four days later, having gone as far 
north as Gallinas Waterhole. From Jaralosa we returned to the Oscnra Mountains. 
leaving the pack-train at a waterhole on the eastern slope, Messrs. Maxson, Goad and 
myself ascended the range and kept along the crest to the point where it breaks down 
from the Oscnra Pass, thus getting the drainage lines ot the whole range. We en- 
camped at an old Indian camping ground ; evidences of their former presence in the 
shape of pieces of raw-hide, ox-horns and lodge-poles were numerous. During rainy 
seasons tliere is imdoubtealy water at the spring, then dry. Returning to Jaralosa 
Spring, Mr. Maxson took the east side of the lava llow, I the west, meeting two days 
afterward at Mai Pais Spring. From here we went to Tularosa, thence to the 
Mescalero Indian Agency. Here Mr. Maxson was again detached to go to Elk Spring, 
while with the main party I wont to Dowling's Mill, and returned to the agency and 
>Mkck again over difierent routes. Mr. Maxson joined the party again and was de- 
ta<*hed to go to the southeast to Whitetail Spring, thence to come into Fort Stanton, 
which jiost we reached November 11 ; staid there three days and t^hen started on our 
route toward Fort Union, following the main route toward the Pedemal, by way of 
Ponos del Pino or Alkaline Holes. A detour was made from the Gallinas ranch to 
the Berendos Spring, at the eastern foot of the Gallinas Mountain ; here we were 
snowed up two days ; the grass being covered, our animals suflered for forage. A 
second detour was made from Pesos del Pino, bringing us to the eastern Pedemal 
Waterboles from the southeast. From here we went down the Piedra Pintada Cafion, 
rrcwsed the Pecos at Giddings ranch; thence by way of Los Tanos to Cuervo Peak, 
which we occupied for triangulation. A heavy snow-storm detained us here again. 
From there, passing to the east of Mesa del Pino, we plodded through the snow, 
cTomng the Conchas above Barredera, and occupied Cprazon Peak as a triangulation 
station; thence by way of Trementina we made a loop about the Mesas between 
Kinron de la Corazon and Rincon del Mestenito, and ascended the high Mesa by the 
01|^iin Hill; thence by Cherry Valley we traveled to Fort. Union, the point of dis- 
banding. The last seven days had been through heavy snow ; the grass being entirely 
covered, the mules could only feed on the oak oushes, and were consequently so worn 
out for want of forage that marches were cut down to 10 or 12 miles. Prior to these 
snows the train and riding-mules had been in superb condition, as good as when 
taking the field, but a seven days' fast waA too much for even mule-ilesh. Reaching 
Fort Union December 3, the profjcrty was stored there and the party disbanded. 

DESCRIPTIVE REPORT. 

The country from Fort Lyon, Colo, to Constancia, N. Mex., on the Rio Grande, has 
b<»en described in former reports. Suffice it to mention a few points of interest. The 
Costilla Canon, formerly considered impassable, now has a well built road through 
it, and is one of the prettiest in the whole range east of the Rio Grande. The road 
descends from the divide north of the Costilla Peak at the head of the Vermejo, into 
a l>eautiful open Valley, an amphitheater, in whose grassy glades large herds of sheep 
are grazing, dotting the banks, between which runs the Costilla Creek, a beautiful 
trrmt stream, from 2 to 3 feet deep; in places 4 to 6. The nicely rounded slope, clothed 
in its many-shaded forestry from the somber wintry green of' the spruce to the bright 
dancing leaves of the aspen, suddenly put* on a rugged, bolder front as the caf&on 
narrows, forcing the road from bank to bank, now avoiding some juttiuj^ trachyte 
point, crossing here and there but to recross, till finally it is pent up by this rushing, 
roaring stream which fills the cafion frt)m side to side, leaving not even a bridle-path, 
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with no room on either side, the stream itself impassable, the practical engineer hat 
built a trellis-work over the bed of it. Roughly constructed of heavy pine timbers, it 
Cannes the roadway over the foaming waters beneath, till the canon widens <mt and 
again allows the road space on the bank* There are many other caRons deeper in Col- 
orado, but few surpassing it in beauty. It is in strong contrast to the forbidding as- 
pect of the sandy hills at the mouth of the canon, where Costilla is sitnated claiming 
both Colorado and New Mexico, the line running through the town. 

The next point of interest is the Taos Pueblo, the most important excepting perhaps 
the Ziini of the Indian Pueblos in New Mexico. With a hist'ory back to toe first 
Spanish occupancy of the country, an existence dating indeiiuitely long before that 
date, a prominent center, in whose council chambers the plans of uprising took lonu 
in the first determined expulsion of the Spaniards from the country, it can but he 
regarded with interest. Here they have raised their crops, herded their goata, niann- 
fact tired their pottery, lived their apparently objectless lives for hundreds of yeare, 
seemingly with no ambition other than the privilege of existing. They have not 
changed ; they are living proofs of the truth of the Spanish reports concerning them 
over three hundred years ago. The same two principal houses stand which Vargas 
attivcked in 1692, in all their quaintness, built of adobe or sun-dried bricks, five or six 
stories high, each story receding the depth of a room, without doors, entered from 
above by ladders ; they are faithful witnesses of the lack of change in this section, 
while ruins of similar evidences point to the great changes that have taken place tar* 
ther south in the Territory. We afterward passed through Picoris, an Indian town, 
dating back probably as far as Taos; it is smaller and more squalid-looking, but as 
intimately connected with Santa F^'s early history. The country west of the Rio 
Grande, from Magdalena Mountains to Palomas Creek, fell in the belt to be snrveyed 
by the ]iarty. The Magdalena Range is a high abrupt range, culminating in a point 
over 11,00() feet elevation, which shoots up above timl)er line. Rather ronnde<l on top, 
it re<iuired a large monument to be recognized a hundred miles. Its flanks, where not 
too rugged, are covered with heavy pine timber. The treud of the range is rery nearly 
north and south. At the northwestern end, the mines of massicot, argentiferous galena 
and carbonate of lead, might be worked to advantage, as also, when transportation 
becomes cheajier, the coi)per and gold-bearing copper ores. 

The principal waters of the range are the Canon de Aqua, a running stream heading 
Just east of and under the highest point of the range, the Sawmill Canon stream, and 
Spring HiU Creek. Besides tnese tiiere are numerous springs on the east and south, 
the principal of which are the Burro, Cienaga, Carrizos, ana Tusas Springs. 

Game is very abundant in these mountains; bears, white and black tailed deer, and 
turkeys are very numerous. Fine pine timber covers the slopes. About the base there 
is a scrub growth of pinon, pine and cedar ; also a few walnut-trees along the creeks. 
The grazing is very |;ood. 

The country rock is metamorphosed granite at the south end, capped by limestone 
on the northwest. To the southeast, connecting as a spur, is a low range of hills of 
eruptive rock. The plain between the Magdalena and San Mateo having here and 
there croppiugs of basalt, the volcanic formation becomes more and more apparent. 

The San Mateo Range, the southern end of which (though not the highest, by far 
the be.Ht point) was m^cupied for triangulation, rises abnintly from the valley plain, 
particularly on the south. Much broken by deep canons, with precipitous faces, it was 
verv difficult of ascent. The snow fortunately filled the crevices in the beds of loose 
rocks, enabling us to cross them, which otherwise might not have been possible. 

From San Mateo stretches to the southeast the plateau country of the valley of the 
Rio (vraiide, bounded on the west by the bare black hills of plutonic rock, parallel to 
which run the Mimbres. Beyond these, to the southwest, lies the great interior basin 
of the Upper Gila, which stream breaks through its encompassing ridges between the 
Diablo and the Mogoll6ns, running in a canon of over a thousand feet deep. 

To the north of this great plateau basin, veined by its deep black canons of erup- 
tive rock, lies a second basin, the plains of San Agus'tin, with no river to encanon it. 
Here and there a green spot or a few thousand sheep mark its few springs. 

As yet the San Mateo Range is left almost entirely to the Indian, the deer and bear, but 
the prospector will soon find his way there, to be quickly followed by the miner. About 
its base the noise of one or two cattle-ranches or an indiflferent logman occasionally 
breaks in upon the silence of nature. The countrj* rock is trachyte : about the base, hills 
of basalt, of a much later date, break up the slope into many drains, the Nogal Creek, 
from the southeast, being the principal one, Betw«»en the San Mateo and the Mimbres 
drainage is the Canada Alamosa, a wash from three to four hundred feet deep ; in 
places narrow, at others fully a half-mile wide. It is similar to the Cucliilla Negra 
drain, the Palomas, Animas, and others to the south. They are very marked features 
of the plateau, sloping gently from the base of the range t-o the Rio Grande. Between 
them the country is almost flat. Their presence is hardly suspected till you reach 
their precipitous banks, which give them more the appearance of great furrows than 
anything else. In the Canada Alamosa there is a hamlet of the same name, as also 
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in Cnchilla Negra. From tlie monntains to the town there is running water in these 
drains. South of these is the Palomas, also a beautiful Htream, where the rock, crop- 
pins, brings it to the surface, as it docs w^here the caAon breaks through the Kegritas 
Hills. The Rio Grande Valley, from Socorro to McRae Ferry, fell in the district to be 
surveyed. From Pefia Blanca to Par%j^ Ferry, land capable of irngation and culti- 
vation on both banks stretches, in varying widths, froui 3 miles to a few feet. In 
some few places the river has encroached unon its banks till it has reached the base of 
the mesa, as between Contradera and Valverde. Still there is probably not more 
than ime-tenth ot the irrigable land now cidtivated. The soil, mainly a decomposed 
basalt, largely feldspathic, is admirably adapted to the cultivation of graxtes. Fav- 
ored by the dry climate, the culture of this fruit will doubtless cause this countiy to 
rival California in its wines at no distant day. The lack of knowledge of the manner 
or means of handling the grapes properly seems the only difficulty. From a few miles 
below Paraj^ Ferry to McKae, the river is more or less encafioned, leaving little irri- 
gable land, the greater portion of which lies in the vicinity of San Jos^, a hamlet on 
the west bank, about 20 miles below Craig, and at Alamocita on the east bank, about 
25 miles below the same post. 

The Fra Cristobal Range rises abruptly from the plain of the Joniado del Muerto, the 
elevation above the plain on the east being about ^,000 foet, the western face, which ia 
nearly vertical, being about 2,500 feet above the river. The fonuation is limestone, 
t)n inetamorphoseil sandstone. The strata are nearly horizontal. The point selected 
as a triangulation station, though not the highest, is far the best marked. The 
legendary origin of the name is that during the early settlements a priest by this 
name had been buried at the northern end of the mountain ; that since then it had as- 
Kumed in outlines his proiile. It needs but little assistance of the imagination t-o trace 
the gigantic face as seen from Fort Crtug. 

It was the point of the nose, a detached mass of limestone, quite difficult of ascent, 
that we occupied as the triangulation station. The monument, 6 fe«t high, did not 
show as a pimnle to the naked eye on the gocnl friar's bose from the base, although 
easily perceptiole with the instrument from triangulation stations. The Indians for- 
merly used the point just to the north of this as a watch-tower from which to descend 
upon the trains crossing the Jornado del Muerto, the dreary wa«te stretching for 90 
miles to the south, llie only water on this forbidding trip was at the Ojo del Muerto, 
titly named the Spring of the Dead, fr*oni the danger attendant upon any one who dared 
enter the cation closely guarded by the Apache Indians. Indeed, travelers rarely went 
to it, preferring to keep out on the plain where the approach of Indians could be seen. 
Of late years the route has been safe, owing to the occupancy of the post of McRae, 
and water is now had at Toussaint's ranch and the Aleman, the supply of the former 
t>eing brought from Ann ay a Spring ; at the Aleman is Martinis Well. There is little 
chance for water in the narrow ridge of the Yra Cristobal ; with the strata cut oil' on 
Iwth sides, ther<5 is no opportunity for it to collect. At times there is a little on the 
western slope, about a mile and a half north of the triangulation station, which gath- 
•»rH in a hollow in the rocks from a dripping sj^ring, which, drop by drop, runs per- 
haps two or three gallons a day in dry weather ; at other seasons of the year suffi- 
cient for small herds of sheep. 

At the southern end, also on the western slope, embowered in walnut-trees, is an- 
other spring giving a very little more bountiful supply ; a third between Alamocita and 
Fort McRae. About a mile east of the road runs stiU more water, but it is very much 
impregnated w^ith lime and a trace of sulphur. These three constitute the water sup- 
ply of the Fra Cristobal Range. A few horses would keep these dry at most seasons. 

The Jornado del Muerto is covere<l with a fine gramma grass. East of the stage-road 
about 4 miles, and about 'nO miles from Fort Craig, is the Annaya Spring, ouite alka- 
line in tast«, out well suited to cattle. It is on the edge of the cropping oi the lime- . 
Htone formation. 

The San Andreas Range bounds the Joma<lo del Muerto on the east, the northern 
jmrtion of which was covered by our work. It is a fit border for this broa<l, dry plain. 
Almost equally without water, it was only bv taking advantage of the rainy season 
that we could work at all in the district. A Uttle spring, which as most distinctive 
'was called Dripping Spring, runs about enough water in a day for four mules or horses ; 
this would have been the only water in 1,500 square miles, but for the rainfall which 
liad filled the pools. The ridge breaks down in San Andreas Pass to very nearly the 
l«;vel of the plain, the San Anrlreas Mountains being to the south, the Oscura to the 
north, the principal point of the San Andreas being the large dome-shaped mountain 
mrhieh is called Salinas Peak. It is covered with timber to it« top. The divide to the 
»M>uth is much lower, and the country breaks into hogbacks, with large cafions running 
to the east, well grassed but almost destitute of water. Several old Indian camps 
^-ere fonnd, where they had been making mescal. East of this ridge lies the Mai Pais 
Ifasin, probably the bed of an ancient ocean which has left behind it but a small salt 
lake, fiMl by the brackish water of the beautifully clear Mai Pais Spring. 

Tbifl basini which extends from the vicinage of the Gran Quivira south nearly to 



136 REPORT OF THE CHIEF OF ENGINEERS. 

Mexico, was surTeyed from an east and weHt line mnning a few miles sonth of Mai 
Pais Spring to it« northern limit. It is bounded on the west by the San Andreas and 
Osciira Mountains and the Chupadera Mesas, and on the east by the Sierra Blanea« 
Carrizo, Jicarilla, and Gallinas Mountains. A sreat flow of comparatively recent 
lava has at one time in its southing, boiling blackness burst forth from a little crater 
at the north, and wound its way, a molten stream, for over 40 miles. An unsightly, 
forbidding barrier, it stretches from northeast to southwest, a natural wall, only to lie 
crossed at two places; one about 5 miles south of Jaralosa S])ring, a wagon-crossing : 
the other immediately abreast of it, an Indian horseback trail. Like a great black 
sponge, its cavities open everywhere, its surface hardly passable on foot; it is similar 
to, though probably rougher, than the lava-fields of California. 

On the west side, fnmi that point of Mai Pais Spring to the northern end there w no 
X»ermanent water, excepting Mound Spring. On the east, as croppings of water fnwn 
the mountains, are Carrizo, Jaralosa, Jake's, and Milagro Springs, all quit* near the 
lava. Although holding in solution more or less alkaline salt-s, they furnish a bounti- 
ful supply of sufficiently good water for the cattle-ranches near them. In the midst of 
the barren, dLsmal plain west of the lava are the Lomitas or Mound Springs, of exceed- 
ingly bitter water. North of the San Andreas Pass are the Oscura Mountains. They 
are precipitous on the west side, almost impassably so. On the eastern slope they are 
covered by a dense growth of piiion and cedar. The only 8])ring in these mountains 
we found dried up. It had been apparently a favorite camping place of the Indians, 
from the bones strewn about. Between the Oscuras and the Chupadera Mesas is 
another good pass. In the main drains, running east and west, water could pivbably 
be reached by sinking wells. The formation is limestone on sandstone. 

North of tiie Oscuras are the Chupa«lero Mesas, a low table-land cut up by almost 
innumerable cafions and drains, well grassed, but perfectly dry, excepting the little 
water at Chupadero Si)ring, which has been developed and a tank dug to hold the 
limited supply. Here we fouud one of the old Spanish ruins. The foundations of the 
houses and the churches st i 11 remained. Here, where we now find but water sufficient f«ir 
one family, formerly lived several hundred people, in stone houses — the early Spaniardu 
and their Indian slaves. In the dry mesas to the east are still other ruins. Alwut 15 
miles to the east is the Gran Quivira ruin, the largest of these Spanish relics. Fifteen 
miles from water of the present day lived in this town probably several thousand jm»o- 

Ide. A monument to the dead past, the churches, both over a hundred feet long (the 
arger being 130 feet long), built in the form of a cross, stand in silent evidence of the 
energy of the enthusiastic priesthood of the sixteenth ceiitur>'. The other houses, bnilt 
with a marked regularity, are in various states of preservation. The rooms are all 
rectangular, and the housc^s very regularly built. Walled-up cisterns, apparently for 
the public use, were found at the crossings of streets. In the vicinity of the larger 
church, the buildings were better built, the rooms being much largt^r. The cathedral 
faced tlie east. The walls are of a limestone shale, the exterior etlges chipped 8<juan», 
the interior being rubble. They vary from 2 fe(»t in thickness for the interior walls to 
from 4 Ut 6 feet for exterior ones. The interior had formerly l)eeu plast€»red, the w«io«i- 
work painted. Over the entrance had been a gallery. Some of the beams, with their 
Moorish ornamental work, still project froii^ the wall. The floor of this gallery- con- 
sisted of small split poles laid in juxtaposition diagonally from one girder to the next, 
which girders were squared beams, 11 by 13 inches, placed about 3 feet apart, the sides 
exposed to view being finished with the squares aud circles marking the type of the l>e«t 
of the ornamental work. On these diagonals was a heavy, rudely woven matting or 
thatching of straw. On the right of the entrance was a small room. Openinc from 
the left transept was a larger one, out of which opened a door to the exterior, also on«* 
into the corridor leading to the rooms of the monaster>' or rooms devoted to the rt^si- 
. deuce of the priest. Many of the window-frames were intact ; one door-frame, showing 
that the door tume<l on wooden pivots for hinges, was well preserved. The accom- 

Imn>ing plates show the plan of the town and the ornamental cornice under the gal- 
ery. East of the town was a large, hollow, srpiaro building, probably the fort. Ever>- 
where strewn over the ground were numerous fragments of pottery, glazed and unglazed, 
of queer designs, doubtless the work of Indians held in serfdom. Numerous arrow- 
heads of flint or obsidian, metates or stone troughs, in which the grain or coffee wa** 
ground, and small round stones of various sizes carefully trinmied ofl;\ similar to those 
ustMl by the present Pueblo Indians as weights, were the only implements found. 
Nothing of iron was left. Several square miles of ground about the old town had been 
under cultivation, as was apparent from the vegetation. The buildings seemed of 
two dates, those about the eastern church, which was evidently the older, being built 
with smaller rooms, with the streets ]mrallel to the church, running at an angle to the 
east and west lines on which the better part of the town was built. The diflerence 
in preservation may have been due to having been built less substantially for the 
lower class, but I think the other theory more pn>bable. Some fifteen -miles to the east 
were the Indian ruins of the Pueblo Blanco. To the we«t were other ruins, both Indian 
and Spanish. For sketch at Gran Quivira ruin see plate opposite. 
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In all this country there is not now a drop of permanent water, snch chan^jes have 
thre*^ hundred yeaxa made. The country described by Jtian Jaramillo, one ot Corona- 
do's captains, in 1542, as being ** as beautiful as any he ha<l seen in all Franco, Spain, 
or Italy, and watennl by many streams,'" is to-day uttt»rly (by, covered, to be sure, with 
nutritious ^a^ses, but otherwise almost a desert. Driven from here about 1680, the 
oountxy was not again occtipied by the Spaniards. 

The Pueblo Blanco, to the esw*t of (tran Quivira, at the edge of the Jnmanes Mesa, 
north of the mouth of the Gallinas CaAada, probably antedates the latter. It is un- 
doubtedly of Indian origin, and yet at the time of Coronado's expedition and the sub- 
sequent <mea to the Qui^^^a country, the Indians are represented as living in tempo- 
rary habitations, consisting of a framework of poles thatched with straw, while these 
bufldiiigs are of stone. Tlicre are no remains of furnaces at the Quivira, and the ab- 
sence of slag, only one or two pieces of which were found, would indicate that the 
town wa8 rather the agricultural center, from which the mining population gathered 
its supplies, than the smelting toAvn itstdf, as has been surmised by many. Tradition 
giv«H this ruin as the hidi!ig-place of labulous wealth, and numerous parties have dug 
haphazard over the ground, particularly in the region of the cathedral, looking for 
the silver and gold fondly believed to have been concealed there when the priests were 
conij»elle<l to abandon their churches, the soldiery their barracks, and flee to Old Mex- 
ico, or New Spain, as it was then called. Occasionally an unheeded skull or fragment 
of l)one has been the only treasure developed. It is of much more interest archa?olog- 
ically than it ever probably will be in gold or silver. The great chauj^c in it« water 
features may Ije the result of the gi*adual risinj? of this section, once an interior ocean, 
and the filling in of this basin by the denudation of the surrounding mesas. North of 
the Gran Quivira little evidence of volcanic action is apparent. Farther south plutonic 
rocks are found, of widely diflerent ages and lithological characteristics. The most 
recent is the lava-flow before mentioned. I find no menti<m of this lava b<dt in the 
old t^panish journals, and yet it is so marked a feature that it should hardly escax>e 
notice. 

K:ist of this great basin numerous detached ranges, from the Gallinas on the north 
to the Gaudalui>es on the south, divide the waters of the Pecos from it. The highest 
of the«e is the Sierra- Blanca, a noble mass, towering nearly 7,000 feet above the plain 
at its huae, reaching an altitude of 11,900 feet above the sea. It is almost perpendicu- 
lar on its western face. I know of no mountain in this country which presents so 
great a rise in so short a distance — that of nearly 7,000 feet in about 5 miles. It is a 
great mass of quartzite porphyry, trachyte and graphic granite, with limestone about its 
huM^ veined with minenil lodes of copper, silver, and gold. As yet the fact of its be- 
ing >\ithin the Me«calero Indian Re«<»rvation has kept prospectors, to a great extent, 
out of the range. It is heavily timbered, particularly on the eastern slojie, which is 
less precipitous than the western, with tine pine and spruce. Above the timber the 
enowy summit shoots up a thousand feet. 

Tlie Kuidosa, Eagle, and Bonito Creeks gather it-s waters on the east, the Nogal to 
the north, and the Tres Rios to the west. The short cafions give but little water in 
the Tres Rios and Nogal Creeks" but the others are fine streams, in the waters of both 
of which the sjieckled trout gives good sport to the fisherman. Black, cinnamon, and 
<icc{wioiially grizzly bear, black and white tailed deer, and turkeys, furnish abundant 
game to the Indian. The elk, once very plentiful in these mountains, is now very rarely 
rteen. It is one of the best watered sections of New Mexico, The Tularosa Cn'ek 
draws its wat**r» from the northeast end of the SjM^ramento Mountains, a high, tim- 
bered plateau broken up by deep canons into narrow ridges, the summits of which are 
nearly on a level. Tlie town ot Tularosa is on the plain, near where the stream de- 
bouches from the mountains. It is eminently a Mexican town, with its irregular 
Btre«*ts, adobe houses, squalid idlers, ragged urchins, and full allotment of wolfish- 
looking dogs. Notwithstanding its i>roxiniity to the mountains, nuich of the wood hero 
«s4^d is the mesquite root, which gives an intensely hot fire. Considerable grain and 
the staple frijolcs or Mexican beans, and chili, are raised in this vicinity for trading 
with the Indians and to supply trains passing through, many of which, to avoid the 
Handy Rio Grande Valley route, follow this much drier one. It is, though farther, 
cheajier in the end, as they graze their oxen, while they would have to feed them in 
the more settled river country. At Tularosa Indian Agency we found the agent just 
finishing an issue of rations to the happy-looking group of Apaches, and are indebted 
to hiui for asstJHtanco in getting the list of Apache words alrea<ly submitted to you, 
"wliich was enlarged and revised by the assistance of Dr. Appel, the surgeon at Stan- 
ton. The Indians are very uncommunicative as to their religion, man'iage ceremonies, 
and funeral rites. It is only by living with them and becoming almost as one of them 
that the true inwardness of these forms can be arrived at. The varjing reports make 
St nnsafe to venture a description of them, other than the wedding seems to be a barter 
arranged between the groom and the bride's parents. They bury the dead usually on 
hills, and cover the body with branches and stones. I was not long enough near them 
to arrlv6 at any idea of the construction of their language. The fact of their using a 
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double negative, and of the decimal system of notation, is of some importance in any 
eftbrt to trace connection with other tongues. They average below the mediiiui stat- 
ure, are of scant angular frames^ of hirger boucMi, but less symmetrically built than the 
Navajoes, and have much less intelligent faces, are more sqnalid in appearance, and 
more generally worthless than the latter tribe. The women occasionally make bas- 
kets, and some few of the men can be induced to work in the fields near the agency. 
At present there is plenty of game on the reservation, and it is a well-watered coun- 
try — one of the prettiest in New Mexico. 

Between the Tularosa and the Rnidoso rises a saddle from the Sierra Blanca Ranges 
and Sacramento Mountains. Just below the junction of the Carrizo and Ruidono 
Creeks flow swift mountain streams; at the crossing of the Stanton roa*i are Dow- 
lin's flour and saw mills. This c^iuntry is beautifully timbered and grassed. North of 
the Rnidoso and Eagle Creeks, branches of the fonner, is the Bonito^weU-named 
Pretty Creek — on the right bank of which is Fort- Stanton. 

The military reservation tongues into the Indian reservation, by which it is encom- 
passed, excepting on one short side. At Stanton, as indeed at every military jiost, we met 
the greatest kindness and courtesy. A little over a mile from this post is a cave about 
which rumor had said that it was over 5 miles in length and abounded in beautifal 

trottoes, snowv chambers, crystal stalactites, and great lakes in whose waters eyeh'ss 
sh were found. This cave we thoroughly explored and surveyed, and wert* not a little 
disappointed to find its glowing mysteries dwindle into a very commonplace cave. Tliu 
formation is limestones capj>ed with sand. A ground-plan is given herewith. Enter- 
ing the cave by the funnel-shaped mouth, we liud a short branch running to the left 
about 200 feet, then running to an impassable outlet. We followed the right-hand 
branch, running nearly sotith a short distance, then generally east, to the |>oint at 
which the upper branch runs off to the south, the main cave changing to the north- 
east. A short distance beyond this point we came to the spring, beyond which there 
are again two forks; the' left-hand branch, cari-ying the water, is naiTow, just wide 
enough for the water-channel, which is about waist-deep. This branch we followwl 
to the point where the roof closed down in contact with the water, shutting off all pos- 
sibility of proceefling ; and a cold tramp it was. Retracing our steps, we follo\ved tlie 
dry branch, which again divided into short forks. At the forks is a dome, where tlw 
limestone stratum has caved through, and a current of air setting in from above UmI to 
the belief that an outlet had been found. Uii this passage I wormed my way till it wan 
closed by wedged rocks. Upon tracing the line unon the surface, a small erevite 
discovered that our sunuise was correct. Leaving tne main cave by a passage which 
runs out from near the roof, about 40 feet above the bottom, we enter a low pasi»apH 
from the roof of which project needle-like stalactites; finally this passage opens out 
into domes and larger passages, in some of which there are fine stalactites and 
stalagnntes, though nothing to compare with Mammoth Cave, as claimed. Farther 
on there is a dome ftom which oi)en two passages, one muniug down to the right, 
the other running on nearly a level to the left. We trie<l first this left-hand branch, 
and for nearly a quarter of a mile were on our hands, and knees, at times prostrate, 
propelling ourselves by our elliows and heels; occasionally we had a breathing spell 
when the passage opened. Finally we reached a dome, pendant from the roof of which 
were many amber-bke stalactites reaching out slowly but surely towaixl the njitunied 
stalagnntes year by year lifting their heads in their slow approach to union, the one 
gathering the daily increments of each and di\iding it in generous proportions with 
the other till, unit'e<l as one, they make a great pillar of support to the dome from 
which both drew their strength. At the end of the narrow passage through which we 
had fairly wormed our way we reache<l a dome, the largest in the cave, the rtwf of which 
had fallen in and choked up what may have been the farther outlet, but no passage was 
open from it excepting one leading off at an aeute angle with our previous course. This 
more open way led hack till it also became chocked with debris from the falling in of 
the roof, making it impossible to proceed fartber. Retracing our steps, we enten*d the 
right-hand branch, which decended into a dome-like chamber with two narrow outlets 
leading to a more open passage, which we followed till it, too, came to an end, which 
we little suspected, till the work was plotted, was within about 50 feet of when^ we had 
been stopj)ed in the other passage, and in the same axial direction. Evidently they 
were but one coimnnnieation, being cut off" by the caving in of the dome. About HiH) 
feet from the point reached on the water-course in the first branch examined, and in the 
direction of its axis prolonged, there bubbles up near the bank of the B(niito a larg«^ 
spring, which is doubtless the outlet of this underground drainage. No sign of life was 
found any when*/ in the cave, excepting a few bats which, disturbed in their (piiet hamits, 
flitted back and forth, rous«*d from their sleep in the dfM»p gloom by the fitful flick«Tof 
our few candles. The air was perfectly purc^ and the water very pleasant to the taste. 
We were five days surveying the various branches, and fortunately suflered no incon- 
venience other than the fatigue from our underground work. 

Northeast from Stanton lies the Capitan Ran^e. The southern point was occupied for 
triaugulation. About the base of this mountain, in the limestone formation^ there aro 
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manj eares smaller than that near Stanton. We«t from the Capitans are the Carrizo 
and Patos Monntaiiifl; northeast of which are the Jicarillas. All of these are excensively 
dry, White Oak S^)ring, in the Carrizo, being the best water-snpply. The little spring 
in the Jicarillas gives a supply of water for about half a dozen horses. 

The placer mines have been worked over for some years with no great returns. An 
attempt has l)een made to use a dry washing-mill by which the gravel and nand is 
8ift«Mi out, but it has not proved a success. There is certainly gold in these mountains, 
but as long as they are forced to carry water 10 or 12 miles to waah it, it cannot be 
considered to l>e in paying quantities. The little Tecolote Hills, to the north, will be, 
some day, of importance, as liaviug plenty of fuel- wood, pinon and cedar, about the 
base. Northeast of these lie the Gallinas Mountains, a den8ely-w^oo<led range in 
which game is very abundant, and the four or five springs are a saWng clause to 
cla>«siug the great belt of country aa destitute of water. Northeast of the Gallinas 
S4)me 15 mile« are the Posos del Pino, sometimes called the Alkaline Wells. The coun- 
try traversed between these wells and Fort Union has been described in previous re- 
ports. 

The country in atlas sheets 77 D and 84 B is nearly all grazing-land, excepting such 
agricultural laud as is found along the Rio Grande, on the Tularosa, Ruidosa, and 
Bouito Creeks, and in the Manzano Mountains along the streams. All the mountain 
districts grow timber. In the Manzanos, Gallinas, Capitan, Nogal, and Sierra Blanca 
Ranges there is timljer sui table for lumber. The other mountains yield but fuel-timber. 
In the vicinity of the salt lake east of Punto de Agua and that one near Mai Pais 
Spring, the land is barren. 

The following is a summary of the topographical work done by the party during 
the season : 

Total area surveyed about 8,000 sqare miles. 

Number of main tri angulation stations occupied 12 

Secondary tri angulation and topographical stations 60 

Thr€»e-point stations 666 

Stations on traverse lines or meander stations 2, 933 

Points at which the variation of the needle was determined 102 

Cistern barometer stations occupied 278 

Aneroid barometer statious occupied 1,828 

Horary curves determined 3 

Rivers gauged 1 

Pointings made on triangulation stations 6,590 

Miles meandered 2,869 

Total miles travelled 3,602 

llie successful accomplishing of the work allott-ed the party is due to the untiring 
energies of the assistants who individually and collectively worke<l to bring about the 
best results. I desire to thank them all. This was the second season. I was fortu- 
nate enough to have Mr. Maxson as my principal assistant, and cannot express too 
highly my appreciation of his intelligent energy. Mr. Goad and Mr. Davis, indeed 
all, in their special work, led to a harmonious whole. 
I am, very respectfully, your obedient servant, 

Chas. C. Morrison, 
lint Lieutenant Sixth Cavalry. 
Lieut. George M. Wheeler, 

Corps of Engineers, in charge. 



Appendix G. 



executive AXD descriptive report op lieutenant M. M. MACOMB, FOURTH ARTIL- 
LERY, ON THE OPERATIONS OF PARTY NO. 2, CALIFORNIA SECTION, FIELD SEASON OP 

1877. 

-• United States Engineer Office, 
Geographical Surveys West of the 100th Meridian, 

Washington f D. C, May I, 1878. 

Sib : I have the honor to submit the following executive and descriptive report of 
the operaticms of party No. 2, California section, of the survey under your charge 
during the field season of 1877. 

I left Washington by your orders on the 12th of May, 1877, and proceeded direct to 
Carson, Nev., with instructions, as acting assistant (juartermaster and assistant com- 
missary subsistence of the California section, to receipt for the necessary supplies and 
transportation, which, by previous arrangement, were to meet^ie at that poiut, as well 
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I as to attend to the boxing and shipping of certain stores pertaining to the survey and 

stored at Carson, which would be needed at the headquarters of the Utah section at 

' Ogden. 

j Arriving at Carson May 19, 1 found Lieutenant Wotherspoon, Twelfth Infantry, with 

the animals wliich we were to use during the season. Receipting to him for 50 mules 
and 2 horses, the remainder, 28 mules and 1 horse, were, on the 28th, shipped to Ogden. 
The other property nec»ded there was sent off soon after, and on the 25th, nearly all of 

j our materiel and several members of the 8ur\'ey having arrived, our rendezvous catup 

j was established. Lieutenant Symons arriving on the 28th, I reported to him, as in- 

structed, and the work of organizing the different parties went on under his supervis- 
ion. This was completed under your own eye during the first week in June, and on 
the 9th of that month we took tlie field. Party No. 2, organized for topographical and 
geological work, was assigned to my charge with the following |?er»o«iier: 

Lieut. M. M. Macomb, Fourth Artillery, executive officer and field astronomer ; Mr. 
W. A. Cowles, topographer ; Mr. A. R. Conkling, geologist ; Mr. E. L. Vail, meteorolo- 
gist ; Mr. J. B. Callahan, odometer recorder ; Mr. C. W. Howell, chief packer ; one as- 
sistant packer, one man-of-all-work, and one cook. Total, nine men. 

The transportation consisted of 11 pack and 9 riding mules, with a bell-mare and 
one extra animal. Total, 22 animals. 

The instrumental outfit was as follows : One sextant for latitudes, two ten-second 
transit theodolites for triangulation, two Young & Son's topographical traiu$its for 
meander lines and filling in, two Green's mountain barometers, with three aneroids, two 
sets psychrometera, and a maximum and minimum thermometer for meteorological 
work, and, lastly, an odomet'Cr and vehicle for measuring road distances. 

The area assigned to the party embract^8 atlas sheet 56 B and certain unfinished 
portions of 47 D (see progress-map). It lies partly in Nevatla but principally in Cali- 
fornia, including in this State all of Alpine and portions of Calaveras, Amador, Eldo- 
rado, Placer, and Nevada Counties. 

This area, embracing a ]>ortiou of the main crest and outlying foot-hills of the Sierra 
Neva<la, jireseiits topographical features exceedingly complex, but of the most striking 

•* and varied charact*»r. Vast, rugged moiuitain masses, cuhuiuating in numerous peaks, 

• iHiwilder the eye; deep cailons cut in the solid granite open unexpectedly into gr««Hy 
I meadows, while numberless mouutaiu lakes, sparkling in the sunlight, ever^-where 
I brighten the landscape. 

\ In the winter milli(ms of tons of snow collect in these natural reservoirs, fumisliing, 

^ during the long, dry California sununer, the water-8ui>ply of the parch(Kl foot-hills. 

• The area is drained to the west and southwest by the numerous ramifications of the 
S American, Mokelumne, Stanislaus, and Tuolumne Rivers, the two former being tribu- 
[ tary to the Sacramento, the others to the San Joaquin. These streams flow in deep 

canons separated by long, gently-sloping ridges heavily timbered, and presenting few 
I salient points, making their location by cross-sights very difficult. 

• The drainage to the north and east is by the Truckee, Carson, and Walker Rivers, 

• all of which are tributary to the gn^at interior basin. 

The greater porticm oi the area is magnificently timbered, principally by various 
I species of conifers, from the stiuited nut.-i)ine on the east to the gigantic redwoods v£ 

I the Calaveras Grove. Oak is also found on the long ridges as they fall away to the 

j west, and now and then a thick growth of manzanita and white thorn, with some 

mountain mahogany. Thickets of quaking aspen occur on nearly all the mouutaiu 
streams. 

The princii)al routes of communication between the east and west of this section 
are, first, the Placerville and Virginia wagon-road, crossing the main sinnmit at John- 
son Pa,ss ; next, the Amador n>ad, leaving Carson Valley near Woodfonl's and passing 
through Hope Valley and over the Carson I*tiss ; then, still further to the south, the 
Big Tive road, crossing the Sierra at Silver Mountain Pass, miming through the Cala- 
veras Grove and connecting Silver Mountain City with Murjihy's and other mining 
settlements in the foot-hills ; and, finally, the Sonora and Mono turnpike road, between 
Sonora and other towns on the western slope, and Aurora, Bodie, Bridgeport, in the 
Mono mining country. There are no great thorougli fares running north and south, 
but numbers of stock-trails occur, perfectly passable for pack-animals. 

To work up the above area it was decided to move the main party as follows, Bup- 
plies having be<».n forwarded to Placerville and San Andreas on the west, Silver Mount- 
ain City near the center, and Bridgeport in the east : 

1. Up the Carwm Valley and along the west fork of that river into Hope and Faith 
Valleys, then westward to Plejisant Valley, on the edge of our area, occupying all 
points adjacent to our route important for triangulation and topography. 

2. Northward, with a month's rations, to the unfinished portion of sheet 47 D, bt^yond 
the Central Pacific Railroad, connecting with the work being done in the vicinity of 
Lake Tahoe by Mr. Weyss, and fixing the more important points needed by him, re- 
turning to Placerville about the end of July. 

3. Eastward to Silver Mountain City aud Bridgeport, with supplies for August, oo- 
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enpying a part of that month and all of September in the mountains to the east and 
southeast. 

4. Westward for the last time to San Andreas, in the southwest comer of the sheet, 
passing over the Sonora and Mono wagon-road, and returning by the Big Tree rout**, 
connecting with the work previously done to the northwest of this road, and bringing 
up in Carson during the first week in November. 

5. Into the Pine Nut range, occupying the rest of November in the triangulation 
and topography of these mountains, which would bp finished about the time for dis- 
banding. 

In accordance with this plan the party left the rendezvous June 9, and camped on 
the Carson River, about a mile and a quarter east of Genoa. As is usual on the first 
march, the mules gave a good deal of trouble, especially as my chief packer was suf- 
fering from an attack of rheumatism contracted at the rendezvous camp. My assist- 
ant i>acker, moreover, struck for higber wages than I thought he was worth, so that I 
was obliged to disc;harge him. Fortunately, at Genoa I fell in with an ex-sailor who 
had had considerable experience in packing, and secured his services. We were thus 
able to ])roceed with only a day's delay, arid the next camp was Woodford's, at the 
mouth of the Carson Cafion. Here Howell became so much worse that he was unable 
to walk or ride, and I therefore left him at the Hot Springs near Genoa to recuperate, 
with orders to join us at Placerville. His temporary absence was much regretted, as 
it of cimree interrupted to a great extent the facility and rapidity of our movements. 

Moving up the Carson CaHon we camped in Hope Valley, at Stevens' ranch, from 
which base we occupied triangulation stations on Cary's and Stevens' Peaks. Leav- 
ing Mr. Cowles here to occujiy certain points for topography, I made a detour to the 
north, and occupied Freel's Peak for triangulation. I then rejoinecl the main party, 
and moved by the Carson Pass into tbe valley of Twin Lakes, camping at Caple's 
ran ch. From here we made a triangulation station on what is locally known as Sil- 
ver Era Peak, but which is called by the United States Coa«t Survey "Round Top," 
and is one of tbe points in the belt of triangles which they are now running across 
tbe continent. We alwi occupied, for topography, a dome-shaped peak, properly called 
Round Top, and then moved to Tragedy Springs, on the Amador road. This spot takes 
its name from the fact that many years ago three men were murdered here by unknown 
bauds, and their bodies bunied. The charred remains were buried by some of the 
early settlers, and a rough heap of stones marks the grave, a lofty pine bearing their 
epitaph. 

From here we made a detour to the south, occupying Mokelumne Peak for triangu- 
lation and a number of stations for topography. This work completed, we moved 
w*»»tward to Pleasant Valley, following the main road for about 3^ miles beyond 
Tragedy Springs, and then taking a branch road running along one of the long wooded 
ridges previously mentioned. We spent a couple of days here writing up liotes and 
taking in supplies from Placerville, some 10^ miles to the west. We were there re- 
joined by Howell, who had nearly recovered from his attack of rheumatism. 

June 30 all was ready for our northern trip, and, therefore on that day, taking 
P\-Tamid Peak as an objective point, we struck out on the Plac€»rville and Virginia 
Ti»ad, following it as far as Georgetown Junction, and connecting with last year's 
work. Here we left the main road, and camped at Sawyer's ranch July 2. We 
<>]>tained here our first news of the special party under Mr. Weyss, and learned that they 
hft<l left only a few hours before for McKinney's, on Lake Talioe, having occupied the 
peak for topographical purposes. July 3 we ascended the peak, but the day was so 
rainy and misty that we could do no work. The 4th, however, proved more favorable, 
and we celebrated it by successfully completing our object. Unfortunately, the cold 
raw weather again laid Mr. Howell up with rheumatism, and partly on this account I 
moved westward into the foot-hills, camping at Hotchkiss Ranch, near G<»orgetown. 
At this town I obtained much valuable information as to the topography of the Ameri- 
can River drainage, from Mr. Pease, superintendent of the California Wat«>r Company, 
>vho kindly furnished me with a map of this section, by Mr. Bowman, embodying the 
T«»»nlts of careful surveys made for tbe company. 

The climate here is delightful, the air being so dry that the hottest days are com- 
paratively comfortable, while the nights are always cool and bracing. On this account 
I left Howell here to complete his recovery, as it would have been folly for him to 
att«»mpt going into the mountains with us. 

We theTi»fore started northward, and camped in Squaw Valley July 15, having occu- 
pied several topographical stations and fixed a number of points by cross-sights. Here 
we foumi the special party encamped, and I was glad of the opportunity of comparing 
notes with Mr. Weyss. We occupiwl the ** Needle " (the point which I was unal)le to reach 
Ja^ year) in conjunction, and selected several peaks for future use. I then moved up to 
Snnriniit Station on the Central Pacific Railroad, whence Castle Peak was occupied for 
triangulation, and then down the South Fork of the Yuba to Cisco, near which point 
a topographical station was made. 

Traveling from here up Rattlesnake Creek, crossing the divide and passing through 
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Ossaville, we encamped at the old mining town of Meadow Lake. This place, now in- 
habited by only three or four familiefl, was, in 1865-*6H, the scene of a great " gold fever. ** 
It then claimed Home 3,000 inhabitants and was, at least, laige enough to sustain a theater, 
near the ruuis of which we raised our tents. This place has an altitude of 7,377 feet, 
and the snow in winter sometimes eutln*ly covers the houses. I was shown several 
si>ecimens of the long Norwegian snow-«hoe which is used bv mail-carriers and others 
when other modes ot locomotion are impracticable. From tnis base we mwle Mounts 
Lolo and Jackson, both of which have been occupied by reconnaissance parties of the 
Coast Survey. 

Finishing here, we turned southward and occupied Red Mountain, near Cisco. This 
point commands a very extensive view of the great snow-shed which extends for miles 
east and west of it. On this account it has been recently selected by the railroad com- 
pany as the site of an observator>' irom which to detect in their inception the numerous 
hres to which the structure is liable, and teleg^ph the news to the relief stations. 

Our next camp was at Berkeley Soda Springs, which are situated just ten miles by 
wagon-road to the southward of the railway, and are becoming quite a place of resoit 
for tourists and visitors from San Francisco and other cities of the State. A good 
horseback trail connects the springs with Lake Tahoe. 

Continuing on our way southward, we crossed the drainage of the American River 
and campe<l at Hotchkiss's ranch July 31. Here we fouud Mr. Howell completely re- 
covered, so that we were now able to continue the work with our full complement. 
Passiug next through Placer ville, for mail and supplies, we moved eastward to Charity 
Valley, lying to the south of Hope and Faith Valleys. While here we occupied sev- 
eral topographical stations, connecting with our previous work. The west fork of the 
Carson heads in Ho]>e and Faith Valleys, while the waters of Charity are tributary to 
the east or main fork through MarkleevlUe Creek. These little Talleys atfonl abun- 
dance of excellent grass, and are occupied every summer by dairymen, who drive up 
tlieir herds from the foot-hills as soon as the snow melts off. 

Our next camp was Indian Valley, which drains to the Mokelumne. This we found 
taken up by sheep-henlers, whose numerous flocks had made sad havoc with the ouce 
luxuriant grass. After occupying a }>oint near here, a detour was made to the Blue 
Lakes, and a topographical station made in their vicinity. These lakes are tribu- 
tary to the north or main fork of the Mokelumne River, and are used as storage n^'ser- 
voirs by the Amador Canal Company. They have, I understand, been spoken of in 
connection with a scheme for supplying San Francisco with water. Some flne graz- 
ing laud in their vicinity is use<l as pasturage for sheep. These lakes are accessibio 
hy a moimtain road leaving the Amador roa<l near Williams's Rock. A mining hamlet, 
now adandoned, on the ndge between Williams's and the lakes, bears the name of 
Sunmiit City. 

From Indian Valley moved to Hermit Valley and then to Pacific Valley, both on Big 

* Tree road, occupying several topographical stations, and camping August 14 in Bear 
■ Valley, near Blood's toll-house. Here and in Hermit Valley we found large herds 
« of sheep collected for shearing, these stations being convenient for that pur}M>se on 

* account of being on the Big Tree road. 

^ Our next move was to occupy some |)oint8 to the southeast known as the Dardanelles, 

] after which wo proeeedwl to Silver Mountain City, reaching it August 18. While here 

I we occupied the important points in the neighboring mass of mountains, that nearest 

I the town being known as Silver Mountain. We named the loftiest point, which was 

; one of our most important triangulation stations. Highland Pea^. 

' From this camp we made a detour occupying from August 24 to August 31, during 

wliich time we visited Monitor, Markleeville, Mogul, and Silver King (the two latter 

deserted miumg-camps), and studied the topography of Diamond, part of Antelope, 

Sluyert's, Silver King, and Bagley Valleys. 

Ou our return to Silver Mountain a couple of days were spent in preparing a tran> 
script of observed angles and a plot of the triangulation as fsir as completed, for ase 
at headquarters. We then moved camp to near Highland Lakes, and occupied several 

Srominent points in the vicinity for the pur|>ose of studying the topography about the 
ead waters of the Stanislaus and Mokelumne Rivers. In the immediate vicinity of 
the lakes a number of prospect-holes attest the former presence of a mining-camp, 
which bore the name of Highland City, although there is not now a vestige of a house 
remaining. 

From here we crossed into the Carson River basin, and encamped, September 5, in 
Golden Creek Cafion, near Dumont's wootl-camp. At this point, and others in the 
same drainage, large quantities of fire- wood are annually cut to supply the market 
created by the Comstock mines. This wood is cut and corded during the summer and 
winter, and when in the spring the river and its tributaries are swollen by the melt- 
ing snow, it is floated to its destination in the Carson Valley; most of it being col- 
lected at Empire City, on the Virginia and Truckee Railroad, and thenoe transported 
by rail to the mines. 
From this camp, on September 6, Messrs. Cowles, VaU, and myself made a station 
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on a neigh borinff peak in the divide between the Carson and Stanialaas. It will 
remain ineffaceaoly fixed in our memories as the scene of a sad and terrible accident 
to one of onr party. We had finished a very succemfnl day's work, and were complet- 
ing onr labors by putting up the usual monumentf experiencing considerable difficulty 
in finding suitable material, the peak being composed of large fhigments of heavy 
magnetic rock. In attempting to detach a small piece, Mr. Cowlos loosened a heavy 
mass, which, sUpping from its bearin^^s, precipitated him some 15 feet upon the jagged 
rooks below, passing over his legs as it rolled on. Mr. Vail and myself, on htistenmg 
to his assistance, were inexpressibly shocked to find that both legs had been broken 
below the knee, but immensely relieved to find that he ha4i escaped with his life. 
We carried him in our arms as best we might over the uncertain footing afforded by 
the Uiose rock, until we reached a spot level enough to put him down. Leaving Mr. 
Vail here to look out for him, I procured the assistance of some wood-cutters, who 
wiTe fortnnat-ely at work about 2 miles from the srene of the disaster, and with their 
assistance coustrncted a rough litter, on which, with great labor, we bore him down 
the steep mountain-side to a small flat where there was a deserted cabin. Here 
assistance reached us from our own party, and, after working all the next day, we 
succeeded in getting him to our camp late in the afteruoon, where we found awaiting 
<»nr arrival a physician, who had been sent for to Genoa, some 55 miles away. He 
found that' botn bones in each leg had been broken in several places, but, owing to the 
fact that Mr. Cowles wore a heavy pair of riding-boots at the time of the accident, there 
was hut little mangling of thetlesh, andrelievodouranxipty immensely by stating that 
he thought both legs could be saved. Meantime, before the final operation of setting 
could be performed, the patient would have to be taken over 50 miles to Genoa, which 
was the nearest point where suitable attendauce could be procured. This long journey 
was performed Septemlier 8, in a spring wagon, which we were fortunately able to 
obtain. Mr. Cowles l)ore his iiguries with remarkable fortitude, retaining full pos- 
session of his faculties, and remaining quite cheerful throughout this most severe 
trial. I was necessarily detained some days at Genoa, attending Mr. Cowles during 
the setting of his legs and providing for his future comfort. Not being able to reach 
you by telegram, I thought it best to carry on the work as well as might bo without 
a tojwgrapher, until I could hear frc«n you at our next mail-station, and accordingly, 
having detailed one of my men to look after Mr. Cowles until further orders, I rejoined 
the party Septeml)er 15. 

The next day I made a side trip up the Carson, camping near Stanislaus Peak, on 
the divide between that river and Clark's Fork of the Stanislaus. A high point over- 
looking Sonora Pavss was occupied for triangulation, and Stanislaus l*eak for topo- 
graphy, this latter point bearing a fine monument erected by a reconnaissance party 
of the Coast Survey. Looking southerly frcmi these points, a fine view of the Sierra 
is obtained in the direction of its axial line, mass after mass of snow-capped peaks 
rising one l>ehiiid tlie other in grand but almost inextricable confusion. Finishing 
lier«% I move<l into Fish Valley, also tributai*y to the Carson, and camped at some 
MMla springs near its head. Tliis valley is naturallv furnished with abundance of fine 
jrrass, but this had been almost enrirely consumed by large herds of cattle which had 
ranifed through here during the summer, and the mules eked out their scanty meal by 
licking industriously at the saline deposits in the neighborhood of the springs. 

Remaining long enough to finish tiie to]>ography of this little basin, I crossed into 
the Walker River drainage, passing down Silver Creek and coming out ui»on the So- 
iiora and Mono road, which I followed to Bridgeport. Here the mules were shod 
and supplies taken for a trip to the Sweetwater Mountains, for which I set out Sep- 
tember 27. After making several tojwgraphical stations I visited Sweetwater Peak, 
the highest point in the range, September 30. The wind blew a perfect gale, against 
which it was impossible to stand without support, utterly precluding uw taking of 
any observations. This state of things continued until Oct-ober 5, until which time 
I ha<l been unable to get the required angles, although I visited the peak daily. At 
last, however, having taken the necessary ol»servation8, I passcMl down Desert Creek, 
the priiici]>al stream rising in these mountains, and made three additional topograi)h- 
ical stations, and moved into Antelope Valley, camping near Coleville, an agncultural 
hamlet. The West Walker flows through this valley, and furnishes the main supply 
of water for irrigation, the principal crops being hay and barley. I next moveil up 
the cftflcm of the West Walker, came out on the Sonora road, and returned to Bridge- 
port. Her© we replenished supplies for our final trip westward, on which we started 
October 14. The weather, whicii had heretofore been comparatively good, was now 
growing threateiung and stormy, with some snow, making the future success of our 
operaticms somewhat dubious, especially since there was not a blade of grass left by 
the aheep in this section, making it necessary for me to depend entirely on what for- 
age I could carry with me. 

After some preliminary work, I crossed tjie Sonora Pass October 18, camping near 
the Hummit. Our observations showed this pass to have an altitude of 9,66() feet, 
more than 1,000 feet higher than any of the others visited by the party, over whicli 
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there is a wagon-road. I hoped within the next two days to be able to occapy 
Castle Rock, a noint which I had inti'uded using for triang^lation; but the weather 
proved so bad that I was obliged to give it up, not having a day to spare in waiting 
for it to clear, since there were still three stations to be occupied in the Como Mount- 
ains. We continued to be harassed almost daily with rain and mist until we reached 
San Andreas. We left here on the 24th, directing our march for the Big Tree road, 
via the village of El Dorado. We came out upon it at the Half Way House (so called 
because midway between Murphj-'s and the Trees) and continued on to the Grove, 
where we camped. 

It is a singular fact that the immense size of these trees does not at first strike the 
observer, so symmetrical are they, and, moreover, the eye is gradually accustome«l to 
their immense size by passing through a forest of grand pines, varying &om 100 to 200 
feet in height. This grove is now so well known, and has been so frequently describeil, 
that I shall not attempt to go into details here concerning it. I would merely remark 
that the altitude of the trees is generallv exaggerated some 15 or 20 feet. One of the 
largest, callcMl the "Mother of the Forest," I £und to be 300 feet high, while the one 
pointed out as the highest reached the gieat altitude of 315 feet. 

Continuing on this road, we reached Blood's Station, in Bear Valley, October 28, and 
found the proprietor moving out for the vrinter, his stock having been driven out some 
days previously. The next day opened with a heavy snow-storm, and we passed on 
over the summit to Silver Moiuitain, which we reached after a hard day's march 
through the snow. The next day I went on to Markleeville, visiting the Hot Springs 
near there. From Marklee\-ille a meander was nm down the Carson as far as the site 
of Young's bridge, and November 1 we cam)>e<l at Genoa. We found Mr. Cowles in 
good health and spirits, and with every prospect of being sufficiently recovered to 
bear the journey home when the parties should disband. Passing on to Carson, I 
ma<le pn'parations for the Como Mountaiu trip, on which I set out November 5. 

A number of meander-lines were run in this range and vicinity, and our triangulation 
for the season closed and connecte^l with the base by the occupation of three main sta- 
tions. In addition to these, five other points were occupied, especiallv for topography. 
Although delayed somewhat by unfavorable weather, I managed to close out the work 
and get into Carson November 28, where I found Lieutenant Symons and his party. 
The various employes were paid ofi' and discharged, as their services became unneces- 
sary, and the California section of the survey disbanded. I was occupied mitil De- 
cember 12 in boxing, storing, and inventorizing the proi^erty of the survey, which 
was put in a condition for shipment to whatever rendezvous might be selected for next 
season. 

The party was in the field 173 days, during which time 1,072.5 miles were meandereil 
and 850 traveled without meander. Fifteen peaks were occupied as main triangulation 
stations and for topography, and, in addition to these, 50 other import-ant ^loints, e8i>e- 
cially for the latter purpose. One hundred and eighty-four cistern-barometer altitudes 
were obtained, besides the aneroid stations along the meanders. Observations for 
latitude and magnetic declination were taken at 27 camps. A large number of 
mining districts were visited and notes made concerning them by Mr. Conkling, who 
also studied the j^eology of the region surveyed; the results of his work being incor- 
porated in a special report. The more important roml distances measured by the party 
with the barometric altitudes pertaining to them are submitted herewith in tabular 
form. 

Owing to the unfortunate accident to Mr. Cowles and the impossibility of supplying 
his place, the toj>ographical work of the partv was greatly interrupted, and it i;* 
much to be regretted that he was unable to nnisli what he had so well begun. 

Another misfortune was the scarcity of feed in the mountains. This was due to the 
fact that the country was completely overrim with vast herds of sheep, which utterly 
denndtnl the mountain valleys of grass, and in fact of nearly every green thing withiii 
their reach. This unusual influx of sheep was caused by the drought throughout Cen- 
tral and Southern California, the water-supply having failed on account of the light 
rain and snow fall of the previous winter, the average being one of the smallest on 
record for years. 

All through the mountain country visited there are fine summer ranges, with abun- 
dance of wild grasses, on which the right to drive shet^p and stock is claimed by orijrinal 
discovery or purchjwe. The men who are in the habit of summering their flocks nere 
are known to one another, and, as a general rule, respect each other's" right*. But this 
year there were many interlopers from the south who, rendered desperate by circum- 
stances, respected no one's claims, and, in consequence, numerous feuds resulted when- 
ever they came in contact with the original occupants, sometimes resulting in Iohh 
of life. In the fonuer part of August I met a sheeivowner in the neighborhood of 
Carson Pass who had driven his nerd all the way from San Luis Obispo, near the 
southern coast. The grazing havin)2^ given out there, he had left in April with 10,000 
sheep, which he intended to winter in the Mason Valley region. 

There is much bitter feeling among the cattle-owners against the shepherds, since it 
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is imxMmible for their herds to feed where the sheep are, the latter invariahly driving 
them off. There is no doubt that if the sheep continue to be driven up into these 
mountains in such vast numbers the grasses will be eventually killed out and great 
iiijnry inflicted on the country. 

In concluHion I would say that great interest was manifested in the survey by the 
people of the area visited, es]>ecial thanks being due to Mr. Pease, of Gt^orgetown, 
ftuperiutendeiit California Wat«r Company, and to E. A. Sinitli, esq., of Plaeerville, 
eugiueer, in the employ of the El Dorado Water and Mining Company. While at Sil- 
ver Mount City the party was shown great hospitality by W. P. Arnot, esq., and the 
MeHMFs. Folger of the Alpine Chronicle, these gentlemen ttmdering us free use of their 
offices during our stay and rendering us such assistance as lay in their power. I de- 
sire also to thank the various members of the party for cheerful co-operation under 
trying circumstances, Mr. Conkling lending a helping hand when we were short of 

>ackerfi, and Mr. Vail, diu'ing the topographer's absence, rendering very valuable aid 

y his talent for sketpching. 

1 am, sir, very respectfully, your obedient servant, 

M. M. MA.COMB, 

Second LieutetMntf Fourth AriuUry. 
Lieut. Geo. M. Wheeler, 

Corps of £ngineerey in charge^ 
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Appendix H. 

REPORT UPON examination OF THE COM8TOCK LODE BY JOHN A. CHURCH. 

Columbus, Ohio, May 20, 1878. 

Rir: I have the honor to present the following preliminary report of the operations 
U]>on the silver and gold mines of the great Comstock Lode, with the examination of 
which I was charged during the past season. 

My attention has been exclusively directed to the important questions connected 
with the structure of the vein, the regimen of the mines, and the high temperatures 
enrountere<l in the rocks. I have found this field so ext^jusive that it is imjiossible to 
cover it alone or in one sea4M)U. 

I was cordially received by the managers of the different mines, all of whom ex- 
tended every facility in examination for which application was made. I desire to ex- 
pre.sa my obligations to them, and to other gentlemen who are in fact too numerous to 
DC? specified, for the assistance received. 

This report is necessarily somewhat fragmentary and disconnected. Many subjects 
connected with the mines require time for elucidation ; others become hopelessly in- 
volvwl if a description is attempt<?d without illustrati(ms. For these reasons I have 
presented a sketch of the present condition of the mining industry with a more care- 
ful discussion of a few isolated points. 

I have the honor to be yours, &c., 

John A. Church, 
Professor of Mining, Ohio State University, 

Lieut. Geo. M. Wheeler, 

Corps of Engineers, in charge. 



I reached Virginia, Nev., June 11, and immediately placed myself in communication 
with the superintendents of the principal mines, and also with the surveyors, Messrs. 
James and Wrinkle, and Me^isrs. Hoffman and Craven. From all of these gentlemen I 
received immeiliate and substantial help. 

Permission was given by all the managers to use the working maps as the T)asis of 
the survey, and by this generous aid I was able to accomplish the satisfactory progress 
which has been made. 

The workings upon this lode are so extensive that it would require the labor of a 
surveying party for several years to lay them out, and it would oe impossible to do 
this completely now. Very much of the ground on the vein is treacherous, and drifts are 
closed every year by the steady creeping in of the walls and roof. Even when this 
does not occur, the great heat encountered would defeat the efforts of any party that 
sboiild undertake to remain for any considerable time in old drifts, where the air is 
stagnant. 

Att^sr carefiilly examining the maps a number of mines were visited, among which 
were the Chollar Potosi, Opnir, Consolidated Virginia, Belcher, and Crown Pomt ; and 
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seeing that, from the nature of tbe gronnd, some parts of the mines which werp then 
open would be closed to me before another year, I decided that the work of plottiog 
the formations in the several mines should be carried forward at once, as the mo8t 
immediately pressing work of the 8ur^'ey. In this course I was Jnstiflecl earlier than 
I exijected. or wished to be. In some of the mines one month sufficed to close impor- 
tant o}>enings. This was especially the case in the Overman mine, where a long west 
drift in the upper part of the mine, which has not been worked in for some years, was 
closed, probably by a fall of the roof, during the time that I was examining the Cmwn 
Point and Belcher mines. In company with a shilt boss, I attempted to n*ach its face, 
but the candles went out so suddenly from bad air that we were compelled to retreat 
when more than 500 feet from the end of the drift. I found the task of plotting the 
formations more difficult than was anticipated ; but, after repeated trials, a system was 
arranged which has given uniformly good results, and which has enabled lue to con- 
struct majM) of each level, and also sections of the lode at any desired points. 

Ma])s of the Belcher, Crown Point, Kentuck, Yellow Jacket, and Impimal niine«i, all 
in Gold Hill, are already nia<le, and others of the Virginia mines are lieing drawn from 
the notes taken. When this work is tinished it will afford a view of the formation.sof 
the greatest mineral vein now worked in any part of the world, as they are disclosed 
by one of the most extensive scrie« of comiected mining operations known. 

The shafts, drifts, and winzes on this lode must present nearly 100 miles of workings 
in mines that are now connected, and a large amount of similar \vorks in the numerous 
other mines of the district which are not connected with the principal group. This 
does not rt^prcHent all the work done, for the extraction of the ore is mostly* from great 
masses that are removed bodily, and not merely penetrated by drifts. 

It is unfortunate that these exploratory openings are not all now available for sur- 
vey. From the surface down to the l,()00-foot level the mines are almost c<mipletely 
elom»d; and it is to the lower half from the 1,000 to the 2,200 foot level that tlie oper- 
ations of the survey are conliued. As a necessan' consequence many problems that 
could probably be solved if the reconl of the whole work from the surface downward 
were known, must now remain nnexnlaine<l for lack of a sufficient an»a of observa- 
tion. This is especially true of the cnaract eristics exhibited by the bonanzas or great 
bodies of quartz and porph>Ty in which the ore occurs. Usually they form the most 
treacherous and shifting part of the lode, aud not one of all thest* ore bodies that has 
been opened above the lOOO-foot level now remains accessible. The ground has cIosimI 
in and shut up their salient points from view. 

This state of things is esiK*cially to be regretted, since the relations of these great 
ore bodies to the significaut portions of the country rock are not likely to be solve«l 
without an ext<;nsivo accumulation of facts. They present stnmgly niarked p<»culi- 
arities, the thorough discussion of which would j^robably lead to a knowledge of the 
forces which have given them their remarkable form amrtheir extraordinary relation 
to the dike which forms the west wall of the lode. In fact these ore l>o«Ues, as the 
pnxlnct of all the forces which have acted upon the lode, no doubt bear siguiticant marks 
of the siction, and if they could be discerned and undeifstood the history of the vein 
would l>e written. Some of these, at least, will be the subject of discussion in the final 
report of the survey. 

Obs<Tvations have also been made with the object of ascertaining the origin of the 
clays which cut the rocks both in and outside the lode, and apparently at all angles. 
These have always been a perplexing subject of study. They vary, not only in posi- 
tion, but also in texture, and yet they offer but few points of significance. The 
character and composition of the Black Dike have also been cart»fully stu<lied. It 
appears to be double, inclosing a sheet of propylite, which, though verv tliiii, is main- 




and in that positi«in it has acted as an efiectual water-8he<l. It is much <lecompo.sed 
itself^ being often reduced to a mere clay, but has almost always protectecl the west- 
em sheet, which is rarely acted upon to a marked degree, either by meteoric or sub- 
terranean waters, in the part of the lode still open to inspection. 

In addition to these (questions imme<liately connected with the formation of the 
lode the larger geological details of the district have also rt^ceived some attention, 
though not so much as it is intended to give them hereafter. The form of the diorit<3 
which detennines the western limit of the proi)ylite in the Virginia section of the 
lotle, the position and constitution of the niuuerous dikes which traverse the country, 
and the ^roneral geological historj- of the region, will all receive careful attention. 
Information has been collecte<l concerning the dynamic movements which have pro- 
duced the great mineral lo<le as their net result. 

The present time is a period of exceptional interest in the history of this region. 
The deepest drain-tunnel in the world is rapidly approaching the lode which it is in 
a positiim to tap within a few months. The mines have reached such a depth that 
a new disposition of the x>oint8 of extraction, as well as new machinery of the great- 
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est magnitude, have become neceasary, and will soon be completed. The lode itself 
has discovered some pecnliarities that have not been recorded before. These fact«y 
combined with the always remarkable character of the formation, indicate the value 
aud importance of the survey at the present time. 

THE 8TRUCTUKE OF THE LODE. 

The valuable labors of von Richthofen and of King have made the general structure 
of the Comstock Lode very familiar. The countr>' in which it is found is mostly made 
up of eruptive rocks, in which diorite, propyUte, trachyte, andesite, and basalt occur, 
nnder such relations as to indicate successive periods of outflow, marked by the kind 
of rock which was ejected. These principal vein rocks have an eastern dip varying 
from about 40^ to 60^. The vein has been explored for about 20, OOU feet in length, and 
from 1,200 to 2,400 feet in depth. It lies in beds of the rock which was once called green- 
stone trachyte, but which has be4»n more closely defined by Von Richthoven as propy- 
lite. For about onc^-half its length it lies at the contact of this rock with diorite of 
older date, but the other half appears to be eutirely inclosed by propylite. Some 
time ago it was announced that the portion of the lode in contact with the dio- 
rite had changed fi*om the contact of the two rocks to entire inclosure in the <liorite. 
But my examination shows that, while there was some foundation for this opinion. 
il do<« not correctly represent the state of things. The lode is nowhere entirely inclosea 
iu diorite, though at some points in its course it may have penetrateil the diorite mass 
uf Mount Davidson to a considerable depth. 

The causes of this action were clearly discernible, and will be presented in a final 
report, together with other deductions from the obw*rvatioiis made. 

West of the lo<le, and closely following its course, is a dike of rock which is sup- 
posed to be andesite, but which is also pronounced by obsi^rvers (Mr. Mellville, Att- 
wood, and Prof. H. G. Hanks, of San Francisco) to be dolerite. By the miners it has 
lung been kuown as the Black Dike. 

In the upper levels this rock was found to be very much more decomposed than it has 
proved to be at greater depths. It, too, is partly a contact dike, and partly mclcraed 
iu propylite alone, and from the observed facts Mr. King ventured the acute observa- 
tion that it was probably the first cause of the ore fissures. He also in consequence 
of this decision moved the origin of the d<'pot»its from the period of trachj'tic eruption, 
where Von Richthofen had placed it, to that of the andesitic. 

The Black Dike is a more prominent feature of the formation in the lower levels than 
it was iu the upper, where its decomposed condition probably made it sometimes 
almost indistinguishable from others of the numerous clays which penetrate the lode 
and the propylite in all directions. From this Itetter exposure I was able to confirm 
Mr. Kiug^s obHcrvation of the intimate relation of the lode to this dike. 

ARRANGEMENT OF PRODUCTIVE PORTIONS. 

The p'cat length of the lode has given room for the growth of two towns upon it, 
Virciuia and Gold Hill. They stand immediately over the most productive portions 
of the ground, being separated by the "divide," a rise of ground which forms a promi- 
uent riu upon the siiiiace of Mount Davidson. The latter is composed of the diorite 
which forms the west wall of the fissures. This divide or swell in the contour of the 
West wall has been remarkable through the whole history of the lode, as covering the 
only piece of groimd that may be calle<l continuously barren in the central portion. 
Thin barren area has great Iv increased in length within a few years from the giving out 
of large ore bodies that yielded immense quantities of rich ore in the upper levels. 

The terminal portions of the lode have never been so productive as those in the 
(•♦•ntral ]>OTtion, and tlu*y appear to have yielded more ore from the parts that were 
Ufarest the center than from the extreme ends of the lode. This interesting plieuom- 
♦-uon is also intensified in the lower levels. Large and valuable deposits of ore were 
found in the first thousand fi'ct of depth of the terminal mines, which have not been 
linplicated below. 

Thcfie facts niii^ht be taken to indicate that the lode is naturally divisible into two 
main channels, throughout which the ore was deposited and which are narrowing in 
<h'pth. Mr. King, in his exhaustive discussion of the lode a« exhibited in the workings 
alMive the 1,000 level, divided the whole into three instead of two of these ore chaii- 
Mfh or chainbei's; and while this surmise has not been sustained by subsequent devel- 
opments, there is a general iuipresHion among men of long experienee in these mines 
that the non-continuance in dejuh at certain points of ore bodies which appeared near 
the surtace is indieative of a real and permanent restriction of the ground that is 
likely to prove profitable. 

Views of this kind have been expreased about the Chollar Potosi Mine, in the upper 
l«*vels of which ore bcxlies were discovered of such magnitude that they have con- 
tinued to vield 30,000 tons of ore yearly, after being worked for a dozen years or more. 
Tilt lower levels nave on the contrary, b<;en so barren that no ore has been found for 

11 WH 
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1^900 feet of vertical depths or along a distance of toward 1,700 feet on the inclina- 
tion of the lode. 

But even this discouraging history does not warrant the opinion that the barren- 
ness of the ground in this part of its length is permanent. The cause appears to be 
traceable to a dynamic movement in the west wall previous to the formation of the 
lode. The full bearings of the subject cannot be discussed at this time, but there is 
no doubt whatever that the existing state of things may change to a condition of high 
productiveness with the same readiness that the former change of an opposite kind 
exhibited. There is nothing in the cause of the altered circumstances which can lead 
us to maintain that it is certain to act permanently. It may cease at any point, and 
the old condition of things be again established. But neither can this improvement 
be predicted. The full action of the movement indicated can never be ascertained iu 
any other way than by miuiug, but its character forbids the assumption that it is 
necessarily permanent. 

My coiitldence in this opinion may lead to the inference that I have equal confidence 
in tue future of the Gold Hill mines, which also now rest under the cloud of failure t4i 
produce on^ in paying quantities. While it is true that the condition of the southern 
or Gold Hill portion of the lode offers no reason for discouragemeut and presents good 
ground for expecting a renewal of the productiveness that once gave ^lory to along 
range of mines, extending from the Bullion for nearly four-tifths of a nule southward, 
the evidence of thus is not of the same character as that which the nunes north o£ the 
Bullion exhibit. The Gold Hill portion of the lode has a simpler structure than it« 
neighbor, the Virginia section ; but the forces which affect it are for that very reason 
more obscure. There no rigid mass of diorite stands to work important results upon 
the lode. The crevice through which the plastic material of the Black Dike rose to 
the surface is propagated for thousands or feet entirely through propylite, and the 
mineral deposits follow closely the same line. 

In this part of the lode we have to deal with simple conditions. The filling, 
the decomposition of the rocks, and all the other important features of the structure, 
have been the result apparently of one force, the action of subterranean wateis. 
Though the effects which these waters have produced are of the highest im|)ortance to 
man, and have supplied him with a large proportion of the metals and minerals useful 
to him, the circumstances of their action are still obscure. The rocks which were 
once the scene of this subterranean chemical activity have been for thousands of yean 
the theaters of his mining operations, but the fact that this activity existed in the 
shape which is now coutitu^ntly believed in, became a subject of general scientific cre- 
dence only within a few years. 

The Gold Hill mines, then, offer an example of a lode pure and simple, the product 
of a force acting apparently with quietude rather than with turbulence, but produc- 
ing results that are immense, whatever standard we judge them by. What the sig- 
nificant marks of the action may be has not yet been discerned, but there is no 
doubt that such marks exist, and that a proper study of the subject continued through 
a number of years, and covering the profitable and unprofitable zones of the lode, would 
teach us what they are. 

In this connection the present condition of these mines must be considered a very 
important one, for a strongly marked feature has been developed within a few ye^rs. 
This is the extreme thickening of the Black Dike from a dozen or s(*ore of feet to as 
much as 250 or 300 feet. Whether this occurrence has any significance or importance 
to the mines cannot possibly be learned in any way but by actual exploration. No 
such thickening is reported in the dike as shown in the upper levels. 

The cause of this sudden thickening is doubtless correctly given by the common 
explanation. The crevice of a dike or vein is irregular in its course, both longitudi- 
nal and vertical. The downward inclination, instead of being produced with regular- 
ity, is occasionally interrupted by a portion which is more nearly vertical than the 
crevice above it or below it. If one of the walls of such a vein slides upon the other 
in the direction of the main inclination, the walls of this vertical portion wiU be moved 
horizontally apart. An eiilarg<*d chainlier will be formed there which, when filbnl, 
presents Just such a thickeniug as we see in the Black Dike of the Gold Hill mines 
&om about the l,70()-foot level down. 

'Yhether an occurrence of this kind will favorably affect the lode depends upon the 
condition in which it has left the rocks. If they have been fissm^ed, the chance of ore 
deposition is undoubtedly iucrcosed. This may have taken place at the lower end of 
the vertical turn in the crevice; and the queKtion which is just now a fascinating one 
to the miners of Gold Hill is whether this will prove to be the history of their ground. 

The ground opposite this thickene<l portion of the dike has now been explored for 
about 300 feet in depth without results; but this may be only a small portion -of it* 
extent. Whatever the result may be, it «t»em8 quite certain that this change in the 
structure of the vein and its inclosing rocks is for the present to be regarded as alto- 
g ^ther favorable. It may not have produced valuable Results at the level now 
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opened, but it ia quite certain that the prospecta of the lode, either immediate or 
future, are impioved by ite occurrence. 

It is to be regretted that the east country-rock, opposite this particular portion of 
the lode, has not been explored to any great distance. This was to be done in the 
Crown Point Mine the past winter, and it is to be hoped that the character of the 
formation has been exhibited successfully. 

ENOINEERINO OF THE MINES. 

The general mode of opening and operating the Comstock mines has not materially 
altered since Mr. James I). Hague published his fine description of the methods and 
machinery employed, in 1870. In fact the plan followed has, by the nature of the 
ground, been quite uniform since the true eastward inclination of the lode was dis- 
covered. Since that time the works have differed more in magnitude than in plan. 

The Comstock is an example of a lode iucliuing to the east with a dip of from 40 to 
60 degrees, and operated by vertical shafts sunk through the east country-rock. The 
extreme rapidity with which the ground is worked out necessitates the freauent re- 
movals of tnese shafts, and also the adoption of a combined system of vertical and in- 
clined shafts, in order to lessen the frequency of the removals. 

We may distinguish four general groups of works accomplished since the discovery 
of the lode : 

I. Surface works, operated by "diggings," inclines, tunnels, and shallow shafts. 

d. A number of shafts striking the lode at depths of 400 to 600 feet 

3. A second line of shafts reacliing the lode at depths of 1,100 to 1,300 feet. This is 
the system of works now in active operation. 

4. A line of shafts not yet finished to the level of the lode, but which is expected 
to tap it at a depth of 2,000 to 3,000 feet. Only three of these shafts are under con- 
struction — the California and Consolidated. Combination, and Yellow Jacket. 

Of course there are some shafts that do not fit exaotlv into a general summary like 
the above. The Overman, Julia, and Sierra Nevada all tap the lode at depths be- 
tween 1,.300 and 2,000 feet. Still the general statement illustrates the tremendous 
strides made every year in opening the ground. The vertical advance of about 1,000 
feet made at each of these removals probably corresponds to a horizontal distance of 
nearly the same or a greater amount. 

When the mines are in a bonanza the advance in depth is somewhat slower than 
when they are in barren ground, for the enormous extent of the ore bodies in thjs lode 
makes the yield of each level extraordinarily great. Under any less active system of 
mining, one of these levels would supply ore for years. But when a mine is worked 
with such at^tivity as those all are when in ore, the draft upon the store of mineral 
w^ealth is such as to require unremitted attention to the task of opening new ground. 
The Consolidated Virginia Mine extracted last year no less than 144,400 tons of ore, or 
4iN) tons a day for 365 days. Such an output would not shame a coal mine, and would 
be large even for an iron mine. The ora body from which this was taken yielded 
probably about the same amouut to the California company. 

This rapid work is the result partly of high wages, atlmirable or^^anization, and the 
lavish use of machinery. A large number of machine drills are m use^ the Burleigh 
and Ingersoll being both highly praised. The admiuistrative vigor which character- 
izes the management of these mines has made the employment or machinery for drill- 
ing a success wherever tried. As before said, the drifts are pushed forward at the rate 
of 3 to 10 feet a day. The higher rate is usuallythe result of machine- work, but hand- 
work also produces results that would be considered extremely rapid elsewhere. 

Of course this rapidity of excavation is partly due to heavy charges of powder. 
Black powder is very little used. For ordinary mining work dynamite, Hercules 
powder, and occasionally other nitroglycerine compounds, are employed in all the 
mineA. 

The character of the ground is also very favorable. Though rather hard in drilling, 
it blasts well, and the large powder charges shatter the face so much that good pick- 
ing ground is often left. Still it was observed that the miners on the Comstock follow 
the practice which seems to prevail wherever rapid progress is secured, and do not 
attempt to push the use of the pick so far as might be done, but hasten to get the 
ma<*hine drills in position as soon as possible after a blast. Deep drilling is not much 
employed, the holes being from 10 to 30 inches for hand- work, and not oiten exceeding 
5 feet for machine drills. In ground that is a little hard for picking, shallow holes of 
2 or 3 inches in depth are sunk, and filled by a small cartridge called a gopher laid in 
without tamping. The shock of the explosion greatly increases the ett'ectiveness of 
the pick. As in all successful undertakings, the excellent work done on the Comstock 
is largely due to the perfection of these small matters of detail ; and the high rate of 
progress so uniformlv maintained is sufficient proof that the system has, in the course 
of time, become well adapted to the circumstances of the region. 
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PUMPING MACHIKEBT. 

A more noticeable improTement is that which has taken place in machineiy. The 
large constructions for hoisting, pumping, and oompreasing air are now subjectfi of 
special design in which the requirements of mine managers of long experience in thi» 
particular district are met by mechanicians of equal experience. The result of their 
combined efforts is seen in a series of massive and costly engines of simple type and 
the most durable construction. These cannot be describetl without illustrative draw- 
ings, which are necessarily left, to a final report. Here I must confine myself to a gen- 
eral indication of their character. 

The old geared pumping engines, described and figured bj- Mr. Hague, are gradually 
piving way to double-acting compound engine8, the latest example of which has cyl- 
inders of 32 and 64 inches diameter and 12 feet stroke. These are wc»rked with steam 
j>ressure8 of 100 to 110 pounds to the inch. Wooden spear-rods are used from 12 to 14 
inches square, made of Oregon pine and balanced at distances of a)>out 300 feet, a V 
bob being placed at the junction of the vertical and in<'lined shafts to transmit the 
motion. The pump, therefore, is single acting, the return-stroke of the engine merely 
raising the rod. The pumps are usually from 11 to 14 inches in diameter, and ai-ft 
worked at 6 to 7| strokes i>er minute. At this speed they pump ten or eleven million 
gallons of water per month to heights of 1,600 to 1,800 feet and more. They are all 
supplied with the Davy differential valve-gear, with an improvement by Mr. W. H. 
Fatten, the designer of all but one of the i^umping engines of this type now at work 
on the Iwle. Tne valves are of the poppet form. All those euj^ines were made by 
Messrs. Prescott, Scott & Co., of San Francisco, with one exception. That one wats 
built by the Risdon Iron Works of San I-Yancisco, and is of a type that departs from 
the one above described. It is a compound engine, pumping at both strokes, with 
pnmp-rods balancing each other, the weighted balance-bobs being dispensed with. 
The pump-rods are 8 inches square, the pump 10 inches in diameter, and the depth of 
the vertical shaft, in the autumn of 1877, was above 1,100 feet. This is said to be the 
only double-acting pump placed on the quartz mines of the West. The amoimt of 
water in the mine has never been sufficient to test its full capacity. 

Hydraulic pumping engines have not yet been placed on the Coinstock Lode, though 
designs for them nave been made. Considering the importance of the pumping prol>- 
lem there and the usual boldness of both engineers and mine managers in matters of 
innovation, it is somewhat suiimsing that this methoil has been entirely neglectinU 

VENTILATION. 

Similar uniformity is noticeable in the air-compressing machinery, which is of a 
type also devised in San Francisco. The air-cylinder is the well-known one of Mr. 
Waring, of New York, in which the valves are poppets closed by springs, and the air 
is cooled by water that circulates through the hollow walls of the cylinder, the piston, 
and piston-rod. Mr. Waring's method of combining the steam and air pistons, so that 
the iomier shall commence its stroke with the full pressure of steam just as the latter 
is approaching the end of its stroke and begiiming to overcome an increased pressure 
of air, is also retained, but with a difierent mode of arrangement. A U-shaped hori- 
zontal l>ed-plate is employed, the fly-wheel being hung on the arms of the y and ply- 
ing between them, while the steam and air cylinders are at the opposite or coniie<*ted 
end of the |J and lie on each side of the fly-wheel. This gives a very firm stnieture. 
Very large machines of this descri|>tiou have been placed at the C. & C. and Gould & 
Curry shafts, their air-cylinders being 60 inches in diameter. These machines are, of 
course, not used for ventilation. Their sole puri)08e is to supply force to the machine 
drills and the subsidiary ventilating engines, of which there are great numbers in the 
mines. The nir-pressure obtained is about GO pounds. 

Air for ventilation is supplied by blowers of the Root and Hawkins patterns. Fan- 
blowers are little used on the surface, if at all. A Guibal fan was placed on the Gould 
& Cun-y Mine, but as there is no bratti^ed compartment in the shaft, and the maua- 
gers alfobject to maintaining one, on account of the difficulty of keeping the shaft in 
good rei)air, the fan was found not to be adapted to the ca.se and is not now in use. 
Being placed at the mouth of the (bain-tunnel, st^veral hundred feet from the shaft, it 
required special boilers and engines, so that the cost of working it was very high. In 
fwt, it has been (unoflicially) reported at $100 a day, which seems almost* incredible. 

The Guibal fan was an exhaust, and the only one on the lode of this kind. All other* 
are forcing blowers. None of them strike the observer as being ver>' powerftil, and as 
the mines become deeper it seems probable that more eflective measures for ventilation 
will have to be adopted. If the Guibal fan were placed at the shaft, and used for 
forcing instead of exhausting, it might be found a serviceable and not costly- machine, 
though its design is perhaps not the best for a pressure blower. 

The present dependence for ventilation is upon a mixed system of natural and arti- 
ficial methods. Wherever the mines are connected there is a gof)d draught, though not 
so strong as is to be expected from the heat of the ground and the consequent high 
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tempefratare of the npcast. The whole amount of air passing out of the shafts of 
eleven mines on one dky In Jnly, 1877, was found to be only about 300,000 cubic feet, 
as the following table shows : 



Mine. 



Cnbio feet per 
minute. 



Temperature of 
uuc«8t, top of 
shaft 



rtab 4,000 

Sierra Nevada , 7,700 7fP ¥. 

C. &.C 21,800 84»F. 

Consolidated Virginia I 48,750 89o F. 

Gould & Curry 12,000 

Savaije 58,500 100© F. 

CholUrPotosi 18.000 77° F. 

Bullion 10.080 89*0 F. 

Imperial Consolidated , 28,800 l 95° F. 

B«lcher 52,200 8»o F. 

Overman 27,000 , 93^ F. 

Total cubic feet per minute 288,630 ' 



This is probably to be considered as near a minimum quantity. A great difference 
is discenuble in the ventilation of the mines on different days, due perhaps to the 
direction of the wind. This day (July 2, 1877) was not a bad one, and the outside 
temperature, taken in the shaft-houses (and therefore in the shade) of those mines 
which were downcast, averaged al)out 73^ Fahrenheit from 10 a. m. to 4 p. m. 

At the time these observations were taken the task of connecting the lower levels 
of the different mines had not been completed in the northern portion of the lode, and 
sf>me shafts were then partially down and partially up cast, which may now be exclu- 
sively one or the other. The shafts which were then altogether dqwncast were Ophir, 
Hale & Norcross, Julia, Yellow Jacket, Crown Point, and Caledonia. Since then 
the Overman has changed to a dbwncast. 

The operations of this survey were besun at a time when the mines of the Comstock 
region were suffering a depression which the^ had not been obliged to undergo for 
Tears. Many of the seconuary mines of the district were shut down in consequence. 
The entire series of mines at the Devil's Gate part of the district, including the exten- 
sive and important Justice, are omitted from the above table. Observations of this 
kind can be more favorably carried out another season. 

Where the mines are connected there are good air-currents passing through the con- 
necting drifts, and at these points the subsidiary engines spoken of above are usually 
placed in the upcast mines. They are small upright engines of from two to eight 
horse-power, of the type commonly seen in maciiine^hops. They are driven by com- 
pressed air, and their motion is carried by bolting to fans of four vanes, made in the 
workshop of each mine. The speed of the latter is about 600 revolutions a minute, and 
their yield of air from 700 to l,5iOO cubic feet. 

This air is conveyed to the face of each drift where men are at work by means of a 
jralvauized sheet-iron pipe, usually 11 inches in diameter, hung from the roof of the 
drift. 

Such in brief is the system of ventilation employed in a mining region which pre- 
sents umisual natural obstacles to comfortable and economical working. A marked 
characteristic of the Comstock is the ample size and general regularity of the drifts 
and other openings. Without this the aifficulties of the miners would probably be 
grreatly increased. 

The sketch here given is not intended to be thorough. A complete description is 
impossible without illustrations. This is true not merefy of the machinery, but of the 
shaft-houses and other surface works, in the arrangement of which decided improve- 
ments have recently been made. These details are of great value to engineers, and it is 
import-ant to publish them in order to relieve newer mining districts, which otherwise 
might wade through years of experiment to place themselves on a level with the Com- 
stock. 

The value of the experience in these mines does not consist in the originality of the 
numerous appliances. Very few or none of them are really novel, and most of them 
are to be found in other countries. But nearly every piece of machinery or system of 
work that is adopt-ed from other regions undergoes important alterations that fit it to 
American conditions, and make the adopted and altered machine a better subject for 
introduction into other Western mines than the original. 

Examples of this fact are to be found in every piece of machinery that has been 
mentioned, except the Hmall compressed-air motors used as auxiliary means of venti- 
lation. A very good instance is^also to be Heeu in the *'»keot," designed by Mr. I. L. 
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Reqna, superintendent of the Chollar Potosi. The self-dumping "skip" is weU 
known in American as well as foreign minesi being in common use in the copper 
mines of Lake Superior and elsewhere. The machine which Mr. Requa calls a " skeet ^ 
is, as its name implies, a large skip, adapted to vertical hoisting, capable of holding 
about four tons of rock, and x^i*f<^ctly self-discharging. It is to devices of this 
kind that the mines will probably be forced to look in the niture for relief in deep work- 
ing. Nor does it seem improbable that the "skeet" may solve the problem of work- 
ing the vertical and inclined shafts together. That is frequently done with the smaller 
''skips,'' and the greatest obstacle to the practice on the Comstock is probably the 
extreme length of rope to be wound on the reel of the hoisting-engine. This, how- 
ever, is a difficulty tnat does not appear to be insurmountable. A reel to hold 4,000 
feet of rope is certain to be one of the re(iniremeuts of the deep mining to which all 
are looking as the work of the future. This would work a vertical shaft of 2,.500 feet 
together with an incline of 1,000 feet, vertical depth. By the present system of break- 
ing the lift at the foot of the vertical shaft, the incline requires a separate engine and 
cai*. with shoots that are both costly to make and repair, and whicn require a tender 
to nil and unload them. 

PRODUCT OF THE MINES IN 1877. 

The amount of bullion extracted during 1877 was as follows : 



Mine. Silver. Gold. 



Consolidated Virginia f7.4«3,5O0 39 ' 18.270.518 68 

California 9,538,104 00 9,386,745 00 

Ophir 126,651 00 96^825 00 

Chollar Potoal 353,655 16 157,964 17 

Crown Point 53,060 64 23.059 70 

Belcher I 221,297 45 i 192,844 16 

Ovennan 4,483 81 | 3,018 85 

Total ! 17,760,702 35 i 16.130.995 56 

Total gold and silver » 



83, 891, 697 91 



Besides thiSjthe Justice Mine produced a large amount of bullion, officially 
reported at ^2,028,700, but the proportion of gold to silver is unknown. 

The total product up to December 31, 1877, of the great ore body which has supplied 
the principal part of the Comstock bullion since 1873, and which has become so cele- 
brated as to be known distinctively as the Bonanza, is as follows: 



Mine. Silver. 



Gold. 



ConH<)lidat4?d Virgijiia $29,674,531 I $23,061,587 

California 16,590,618 16,025,830 



Total 46,266.149 i 39,087,417 

Proportions 54.2 per cent. I 45.8 per c«nt. 

Total gold and hH ver I i 85, 352, 566 



I 



SUBTERRANEAN HEAT. 

The most striking phenomenon connected with the mines on the Comstock lode is 
the extreme heat encountered in the lower levels. This heat is not due to the burning 
of candles, heat of the men, and decomposition of timbers, all intensified by bad ven- 
tilation, as was tlie case nearer the surtace ; it proceeds from the rock, which main- 
tains constantly a temjierature vei*y much higher than the average of the temperature 
in Nevada. 

The heat of these mines is a matter of more than usual interest, for they are the 
only hot one^ now worked in the United States, and both in the present atmosphen* 
encountered and in the increase which is to be expected as greater depths are reached 
they appear to surpass any foreign mines of which we have a record. 

Hot mines are known also in otlier countritw, as in the tin and copper lodes of Wales^ 
where one of the veins wt)rked by the United Mines is known as the Hot Lode. It has 
springs which discharge water at a tem^>erature of 116° F., the depth l>eine ^O 
fathoms, or 1,:^0 feet. The heat of the air in these workings is given (in *^ Useful 
Metals and their Alloys") at ICKP to 113^ F. The air is bad and the heat in the drifts 
seems to be traceable to defective ventilation rather than to the real necessities of the 
case. Air is supplied tlirougli a small pipe and Ih drawn fmn a place where the tern- 
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peratnre is 95^ F. Under such circumstances it is not sniprisine to read that in this 
hot mine the air is hotter than the rock, a state of things which I nave never observed 
on the Comstock. Other mines have been reported to the British Coal Committee as 
having temi)eratnres of 106° F. and thereabouts, but the only positive comparisons 
that are available at this writing are the following, all from Cornish mines : 





Mine. 


Depth in 
feet. 


TempeFfttare. 




Air. 


Rock. 


Treoavean 




1.584 
1,500 
1,722 
1,764 


o 
86 
87 
94 
94 to 96 


o 
83 to 85. 


Canflol1dat«d mines 


. 


86. 


Do 




93. 


Do 




921 to 93i. 







These high temperatures appear t« be partly due to the usual sources of heat in 
mines and partly to chemical action in the rock, for tlic average depth in which the 
heat rises 1° F. from the surface downward, varies with the grouna. It is given by 
Mr. W. S. Henwood as follows : 

Feet 

In granite 51 

Instate 37.2 

In cross-veins 40.8 

In lodes 40.2 

In tin lodes 40.8 

In tin and copper lo4les 39.6 

In copper lodes 38.4 

The copper-bearing lodes are, therefore, the hottest, and in Cornwall heated ground 
is thought to be a good indication of copper, just as hot ground is looked upon, in the 
Comstock mines, as a favorable sign of ore. 

TEMPERATURE IN THE COMSTOCK MIXES. 

The rock in the lower levels of the Comstock mines appears to have a pretty uni- 
form temperature of 130° F. This was the reading obtained for me on several occa- 
sions by Mr. Comstock. fon^mau of the Ophir Mine, and about the same temperature 
was found by Mr. IVrrm, foreman of the Chollar Potosi, Mr Cosgrove, foivman of the 
Yellow Jacket (139^0 F. and 136° F.), and by myself in the Crown Point and other 
mines. 

These readings were obtained by placing a thermometer in a drill-hole, immediately 
after the hole was finishexl, and leaving it there for periods varying from ten minutes 
to half an hour. Very little or no difference was discovered between holes which were 
drilled wet or dry ; or, if wet, between holes which were naturally wet and those 
which were made so artificially. No doubt there must be some differences due to these 
varying conditions, but they are so slight as to be completely masked by the steady flow 
of heat from the rock during the exposure of the thermometer. 

The holes in which the thermometers were placed were not sunk especially for this 
work of testing, but were the ordinary drill-holes made for the purjMKse of blasting 
the rock. They varied, therefore, from about 10 inches to 3 feet in depth. 

No variations in the height of the thermometer were found to be caused by this dif- 
ference of depth, and this also is quite reasonable. Mining on the Comstock proceeds 
with extraominary rapidity. The drifts are a<lvanced steadily at the rate of three, 
five, and sometimes even eitjht and ten feet a day, and therefore the gronnd in which 
the miners are working is always fresh ground. The l(»w conductivity of minerals to 
heat forbids the supposition that a rock of 130° F. temj>erature can lose heat sensibly 
to any depth, in the course of twenty-four hours. The shallow holes which were made 
use of always lay in new gronnd, and exhibited results which may be accepted with 
as much confidence as if they were twenty feet or more deep. Very often they were 
in ground which had been exposed only one or two hours, having been sunk imme- 
diately aft<^r a bhust which threw off four or five feet of rock. The surface which was 
thus thrown down had not been exposed more than than twenty-four hours. The 
high temperature and small flow of air in the heading forbid the sux)position that any 
sensible cuminution of heat could have taken place at the bottom of the drill-hole, 
under such circumstances. 

The surface of the rock exposed to the air of the drift was found to be about 123*^ F., 
the experiment being made near the "header" or end of the drift. The air itself was 
found to show considerable uniformity when its temperature was taken under circum- 
stances that were at all similar. In freshly opened ground it varied from 10d° F. to 
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116° F.; and higher temperatures are reported at varioas polnt«, reaching, in fact, as 
high as 1-^3^ F, in the lOOO-foot level of the Gould 4fe Currj-. 

The temperature of the air is subject to more fluctuations than that of the rock, for 
the simple reason that it is artificially supplied to the mine, and varies according to 
the distance to which it is carried, the quantitv, velocity in the pipe, and its initial 
temperature. All of these elements of the problem vary within wide limits. The in- 
itial temi>eratnre of the air which supplies a particular drift will, for instance, depend 
upon the place it is drawn from, whether the surface, the bottom of a shaft, where 
it is often cooler than above ground, or some old air-way where it has had time and 
opportimity to take up heat. 

Nevertheless, even under such variable circumstances as these, the t-emperature of 
the air in a new drift does not ordinarily vary much more than eight degrees, and in 
this variation the length of the drift appears to be the most important factor. 

This uniformity of temperature under such changing conditions is due to the well- 
known fact that the amount of heat absorbed from the walls of a drift or shaft in a 
mine depends upon the difference in the temperature of the air and rook. The greater 
this difference tlie greater is the absorption, but as soon as the temperature of the 
air current approaches that of the rock the heat absorption proceeds much more 
slowly. 

In the Comstock mines it is the custom, without exception, to blow the air throngh 
galvanized iron pipes, the diameter of which is usually from 8 to 20 inches. The size 
most used is 11 incnes in diameter and the usual amount of air blown is about 700 
cubic feet per minute, this being the supply for two to six or more men, working in 
one or two headers. 

In most cases the air is not sent down from the snrfa«e but taken from some point 
in the incline or at the bottom of the shaft. Its temperature may be assumed at about- 
85^ or 90° F. in summer, thongh it is sometimes higher than this. Its velocity in the 
air-pipe is not very far firom 1,000 feet per minute. >Yom these data it will \>e seen 
that wo have about 15 or 20 degrees of neat added to the air, in from one-half minute 
to two minutes. The iron of the pipe is so thin and its conductivity so great that we 
practically have a slender current of air moving through a body of' hotter air. Even 
this statement of the case does not exhibit all the opportunities for absorbing hcAt 
which are forced upon the air. The iron receives heat both by immersion in the hot 
air and by direct radiation from the still hotter walls. The current confined in it 
must be thrown against its sides by eddies and the air is thus made to absorb heat by 
contact as well as oy the transmission of heat rays through it. 

Drifts that do not exceed two or three hundred feet in length are nsually not above 
110° or 1120 Y, in temperature, and more often they are below this. But when the 
length increases to l,*i00 and 1,500 feet the temperature may rise to 116° F. without 
any other change in the circumstances. 

So far as my personal experience goes, the latter temperature has not been exceeded 
in any drift, into which a good current of air is blown. By a "good current*' I mean 
one of not less than 700 or 1,000 cubic feet a minute. Still there is no hesitation in 
assserting my confidence in the higher temperatures which others have sometimes 
obtained. The view which I take of the phenomenon and its cause admit-s of snch 
exceptional heat at particular jwints as a rational consequence of the forces at work. 
But 1 regard them as excei)tioiial, and believe the average temperature of those drifts 
which are considered to be distinctively "hot" is usually not above 108° to 112° F., 
though rising to 116° F. when they are very long. 

These limits are, however, not in the least degree true of the wat«r which enters the 
drifts from the country rock, and also from the lode-rocks. That approaches more 
nearly 150° F. The vast body of water which has tilled the Savage and Hale &, Nor- 
cross mines for more than a year, and from which it is safe to say a million tons of 
water have been pumped within twelve months, gave me a temperature of 154° F. 
Even after being pumped to the surface, through an iron pipe, exposed, in the shaft of 
the Hale &, Norcross, to a descending current of fresh air tor more than a thousand 
feet, and then flowing for one or two hundred feet through a drain-tunnel which dis- 
charges into a measuring box, the water in this box was found to have a temperature 
of no less than 145° F. 

But the water varies in temperature, like the rock and the air. In the east cross- 
cut 2,000-foot level, of the Crown Point mine, which is noted for its extreme heat, the 
water, after flowing for nearly 150 feet over the bottom of the drift, was found to have 
a temperature of 157° F. On the contrary, in other places the water is much less hot, 
but I believe it is, as a rule, always hotter than the air, and in many cases it appears 
to be hott4?r than the rock is found to be, except in especially hot spots. 

HOT AND COLD BELTS. 

In giving this short description of this remarkable phenomenon, I have frequently 
referred to the fact that there are points in the mines which are much hotter than the 
average. The east cross-cut of the Crown Point 2,000-lbot level, which was tempo* 
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rarily ahandonecl and boarded np on account of the heat, f^ave mo an air-temperatnre 
of 1&0° F.) the themiometer being thrust through a crack in the boarding. I felt con- 
vinced that at the head of thiM cross-cut the heat must be higher than this, and Mr. 
Balch, foreman of the mine, informed me that it had been proved so. 

Another hot spot is in the Imperial Consolidated Mine. The incline there has 
always been very hot, and near the bottom, above the sump, but imder the shoot — ^a 
position which allows of no ventilation except that which is induced by local air cur- 
rents — ^the air must stand at 130° F., or higher, though I did not test it. In this mine 
the black dike splits, sending a shoot off to the northeast, and a diift has been run on 
the 2j000-foot level along the eastern side of this branch dyke. 

This proved to be a very hot spot indeed. Rock, air, and wat«r were all so much 
alM)ve the usual limits of temperature, even in these hot mines, that the work of cutting 
the drift must have been extremely severe. It might not have been accomplished if 
the expedient had not been adopted of boarding or " lagging,'' up the sides of the drift 
with a double thickness of plank, breaking joints. This confined the water, which 
poured down the walls, to a tight chaml>er, and left the main part of the drift for the 
men to work in with comparative comfort. The lagging remains and has been car- 
ri<Hi around into the main drift which is still in active use. Its joints are calked with 
tow, and one of these being stripped for me the steam from the water immediately 
poured out and proved to be scalding hot when tested by the finger. I did not, how- 
ever, succeed in getting a fair reading of the thermometer, because the crack was too 
small to admit more than the end of the bulb. But even under these adverse circum- 
stances the temperature of the steam was taken at 123°. 

The Belcher south incline has a hot belt of rock, quite narrow, a short distance 
above the 1,900 station, and similar hot places are found in most of the mines. 

I am inclined to the opinion that, as a general rule, these hot areas lie in belts and 
are not irregular or promiscuously placed in the mass of east country rock. Where 
thi.s .seems to be disi>roved by the* distance run in the super-heated rock, it will prob- 
ably- 1)e found that tne drift, or incline, and the hot belt nave the same direction. 

It is noticeable that the neighborhood of a dike is apt to be hotter than any other 
portion of the rock. An example of this has already been given in the Imperial Con- 
solidated mine, where a drift run immediately east of a branch dike is still wet and 
intensely hot, althcmgh oi)ened for some years; the incline of this mine which is very 
hot, is also qnit'C near the Black Dike. 

But nearness to the Black Dike is also a characteristic of most inclined shafts on 
the lode. Some are west of it, some in it for long distances, others east of it. These 
inclines do not all exhibit greater heat than the average of the mines, and there must 
be some special reason for the heat of the Imperial Consolidat<Hl incline. Hot belts 
are also found at the contact of the diorite and propylite in the Virginia mines. The 
diorite is itself in active decomposition and mines which have carried drifts in or near 
it are very hot. The Julia has explored a great seam which appears to lie entirely in 
the diorite, and this has proved to be one of the hot belts. 

This apparent concentration of the heat on the line of contact of two rocks is not 
BTipposea to be duo to any thermal or electro-thermal action, but to depend merely 
upon the fact that in this neighborhood the ground is more broken up, and the sur- 
faces of the rock increased. These conditions are obviously favorable to the action of 
the atmospheric waters and the passage of hot gase«. 

Belts or excessively hot ground are not the only noticeable phenomenon in these 
mines. More remarkable still are the belts of unusually cold rock. These are fewer 
in number than the hot belts, but they are very strongly marked. They are always 
wet, and the water that drips through the crevices of the shattered rock that com- 
poses them is noriceably colci to the touch and cools down the air of the drift. Such 
a wet, cold lielt of rock exists on the dOO-foot level of the Justice Mine, and there is a 
very decided change of temperature in passing from one to the other side of it. Lest 
the low temperature of this spot should be attributed to the water which drains 
through it from the surface, it is well to add that water drips from the rock in numer- 
ous places in these as in most mines, and that usually it is hot or at least warm. 

Other cold belts are formed in the mines which are not so cool as that in the Justice, 
but are perceptiblv cooler than the rock at a short distance from them. They com- 
plete a well-linked chain of heat phenomena, extending from rocks that are sensibly 
cold to the touch, and may not have a temperature above 50° or 60° F., through rocks 
that have the average atmospheric temperature, and those which are as hot as surface 
rocks ever become in Nevada, to those which have a temperature of 157° F. There is 
no reason to doubt that the gradation is quite regular, and the transition frt)m the 
lower to the higher temperature is made through a much larger series of intermediate 
steps than the accidental thermometer readings of the survey show. 

Finally in the chain of testimony relating to this phenomenon is to be noted the 
condition of the rock. Wet pla<je« have been spoken of, but the rock cannot be con- 
sidered as generally wet. There ai*e water-ways of limited breadth, like the belt* of 
hot rock, and many of them appear to reach the surface. This water is usually hot, 
but sometimes cool or tepid. 
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Very often, nsiially in fact, the rock is perfectly dry, though very hot. That is the 
cane in all the mines. Wet rock may he considered as the exception, and dry toc]£. the 
rule. In the drifts cut through this hot dry rock the walls of the freshly-exposed sur- 
faces are painful to the hand, and the air is often filled with dust. The rock is l>oth hard 
and tough, hut in spite of its strength it gives an impression of fine porosity to the 
touch, due probably to its trachytic character. It often has the odor of clay, but not 
always. It may b«» slightly adherent, or the impression of di'yne«s upon tlie tongue 
may be due to its heat, or to the fine dust which covers every fragiuent. 

SOURCE OF THE HEAT. 

Wherever eruptive or plutonic rocks are found it is quite common to i^itness evi- 
dence, in the breaking out of hot springs, that heat agencies are still active within 
them, and this phenomenon is so frequently observed that hot springs are often referred 
to as the last phase of eruptive activity. The heat in the Couistock and other mines 
similarly situated is quite generally spoken of, for instance, as the feeble remnant of a 
temperature that once reacued the point of rock fusion, but the facts encountered have 
compelled me to seek another explanation. It is impossible to assemble in an annual 
report all the data upon which this conclusion is based, but many of them will he 
given. They have led me to refer the high temperatures encountered in the minen 
not to the internal heat of the earth, nor to the residual heat of the rocks, which were 
once melted, but to chemical action now maintained in the erupted rocks. 

This action is not a combustion, for the oxidizable minerals in the lode and it« 
accompanying rocks, the metallic sulphides, are little altered. In fact, the total quan- 
tity of pyrite and other sulphides is not large for the neighborhood of a mineral lode, 
but, on the contrary, strikingly small, and not sufficient to maintain the heat of the 
rocks and water except under circumstances of unusually rapid oxidation. That no 
metallic oxidation of any moment goes on in these nicks is susceptible of proof. The 
metallic sulphurets in the rocks show little sign of drcoin|)08ition, and this is true 
even in layers of the propyHte that are tisnured and seamy and dr«»nched with water, 
whether hot or cold. In fact, the preaervati<m of the Huli)bni* compounds in presence 
of so much heat and moisture is a noticeable fact, which I have frequently remarked 
in all the mines. 

An examiuation of such analyses of the mine waters na I am able to find confirms 
this statement. In a geological view of the Coinstock lode, which Mr. King hiu* pre- 
fixed to the third volume of the Report on the Fortieth Parallel, an analysis of water 
taken from the Savage 600 level is given. This is conipaivd in the following table 
with other analyses recently published in the Virginia newspapers: 

AnalyneH of iraler taken from the Comstock rein, taken at different lereJ^. 



I 



Savage, 600 Gould &Ciir- Gould & Cur- ; Hale & Nor- 
feet. ry, 1,700 le«t. ry, 1,800 feet. : crosa. 



Silioft 

Sodic chloride 

Calcic Hulphate 

Maiziieiiic suljihate 

Sodic carbonate 

Potaaaic carbonate 

Magneaic (•«rb4iuat<> 

Alumiua and IViric oxide 



Org. per gal. 
1.77 
0.13 
29.40 
1.77 
0.91 
7.56 
2.98 
0.05 



Orf.pernal. ' Ort.pergal. Chri.pergal. 

2. 21 4, 025 3, .VW 

0. (»4 1, 162 1. 3-J7 

14. 35 i 10, 683 22. 532 



6. 42 , 26, 199 
Trace Trace Trace- 



18, 518 
8.342 



This table shows that the source of the heat cannot be the decomposition of a 
metallic sul]>hide like pyrite, for the resulting sulphate would be highly soluble, and 
the water Mould be much stronger in sulphuric acid. It is true that sulphuric a<id 
enters more largely into the analysis than any other acid; but even if this is derivt'd 
entirely from the decoinposition of pyrite, the quantity is entirely insufficient lo 
account for the efiects. The Hale & Norcross water, for instance, contains only 54.21 S* 
grains of solid matter to the gallon of water, weigliing 58.;J73 grains, or less than a 
tenth of 1 per cent. Of this solid matter, only h^ grains are sulphur, and this quan- 
tity corresponds to a little less thjin 11 grains of pyrite, containing, say, 5.3 grains sul- 
phur and 5.2 grains of iron. If these substances were not in combination, the iron 
and sulphur in oxidizing would give out heat enough to raise 42,462 grains of water V 
F. in temperature, or the heat given out would be sulficient to raise 408 grains of 
wat<ir from 50^ F. (the assumed temperature of surface water) to 154° F., the temper- 
ature of this great body of wateir. This calculation omits the loss of heat which 
would be suflfered by the breaking up of the combination of iron and sulphur, as they 
exist in pyrite. It is only an approximation, but it shows clearly that the oxidatioii 
of the iron and sulphur account for less than t^j of the heat present in this water. 

It is true that the analyses given do not account for the ])ortion of calcic sulphate 
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which has been deposited as an insoluble precipitate in the crevices of the rock. 
Gypsum is present, in fact, everywhere in and out of the lode, but its quantity is 
quite limited in the lower levels, and, considered as the cumulative result of many 
oeuturies of activity, it aftbrds additional proof that the oxidation of the pyrite has 
been very small in amount. 

AMOUNT OF HEAT WITHDRAWN FROM THE ROCKS. 

The qnantitv of water pumped from the mines the past year must have been as 
much as 350,000 or 400,000 tons a month. If its temperature is assumed to be only 
135^ F., and the average temperature of the air for the year 50^ F., we have in the 
year, say 350,000 x 12=4,200,000 tonsof water raised 85 degrees in temperature; or, as 
the usual expression is. 4,200,000 X 85 = 357.000,000 ton-heat-units have been absorbed 
by the water. If the neatinff power of anthracite cool is estimated at 7,500 heat- 
units to the ton, the heat in this water is as much as would be obtained firom the com- 
bustion of 47,700 tons of coal. A cord of ^ine wood weighing 2,700 pounds wilt 
probably give about 4,300 heat-unit« in practice, so that 84,<X)0 cords would be neces- 
sary to keep np the heat withdrawn from the rocks in the mine waters alone. 

If 10 tons of air pass through the mines collectively each minute, or 14,400 tons 
daily, and the air when discharged from the mines has an average temperature of 
92^ F., the total quantity of air for the year will be 5,256,000 tons, and tne average 
rise in temperature 42 degrees. The specific heat of air being 0.267, we have 5,256,000 
X 0.267 X 42 = 58,940,784 ton-heat-units for the amount of heat absorbed by the air. 
This corresponds to an expenditure of 7,859 tons of anthracite coal, or 13,707 cords of 
wood. The total quantity of heat carried out of the mines yearly by the water and 
air is therefore 416,000,000 ton-heat-nnits, to produce which in ordinary industrial 
operations would require 55,560 tons of anthracite, or 97,700 cords of wood. The 
number of men employed under ground in the mines of the Upper Corns tock is less 
than 3,000, and the heat from their bodies, together with that produced by the burn- 
ing of the large number of candles, could not account for any considerable propor- 
tion of this heat. Indeed, it may be assumed, in the absence of calculations, that all 
the heat from these and other ordinary sources of heat in mines is no more than suffi- 
cient to compensate for the large amount of refrigeration produced by the liberation 
of the compressed air which is employed in every mine to work numerous under- 
ground machines. This heat absorption has not been taken into account in the above 
calculations. 

These calculations show that the source of the heat is one that acts on a magnifi- 
cent scale, and also that it cannot reside in the pyrite. That source I consider to be 
the chemical alteration of the felspathic minerals of the propylite and other rocks. 
This change consists apparently in the process of transforming feldspar to clay, tech- 
nically known as kaolinization, from the fact that China clay or kaolin is produced in 
tilts way. Numerous zones in which this process of alteration has gone so far as to 
produce complete disintegration of the rock are passed in drifts cut into the country- 
rock on hoih sides of the vein. No analyses of tliis decomposed material are at lian(L 
those which have been published always iM'ing made upon the clays of the vein itself, 
"where the intro<luction of silica in large quantities has necessarily exerted a dominat- 
ing influence upon all alterative proresses. In the absence of such analyses, it is 
difficult to say whether the decom)>osttion that has taken place to such a marked 
extent at a distance from the vein, owes any of its force to the special solfataric action 
to which the filling of the lode may be ascribed, or whether more general agencies 
liave been sufi)cit*nt to prcnluce the observed efiects. Nor can it l>e declared, without 
such a critical analytic examiiiation, that this great mass of heated rock, extending 
for miles in length and breadth and for thousands of feet in depth, has passed through 
ages of drainage from the surface without undergoing some general change in its 
chemical structure. 

On the contrary. I assume that alterative action has gone on throughout portions 
of these rocks, ancl is still in progress. The usual explanation for the heat which i» 
found to exist in eruptive rocks in so many districts, namely, that it is the last mani- 
festation of the heat which formerly fus<}d the rocks, is rejected because of the jier- 
sistence with which the supply of heat is maintained under circumstances that make 
extraonlinary draughts upon it. From data previously given it will have been 
uotice<l tliat the mines receive about ten tons of air per minute and raise its terajwra- 
tiire from 50^ F., which I suppose to be about the yearly average of the atmosphere at 
Virginia and Gold Hill, to about 92^. This represents a constant abstraction of heat 
from the rock amounting to no less than 161,482 ton-heat-units daily, corresponding 
to the combustion of 37 cords of wood. The rt*al quantity is probably at least ten 
per cent, greater than this, the difference being represented by the vaporization of 
moisture in the downward course of the air. 

Fortonately for the purpose of this survey, Capt. T. G. Taylor, superintendent of the 
Yellow Jacket Mine, has caused observations to be taken for several months on the 
temperature of the air^urrent in different parts of that mine. By noting the increase 
of heat and the amount of air flowing through the drifts, I have been able to obtain 
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an approximate estimate of the amount of beat drawn from the rock snrfaces. It U 
approximate only, because the records of surface temperatures for several months w<»re 
accidentallv de-stroyed, and I was compelled to replace them from the careful records 
taken by Mr. B. Oilman, of the Chollar Potosi Mine, which is in Virginia, and has a 
higher position and a different exnosure from the Yellow Jacket. The present calcu- 
lations are intended to be replacea by more accurate ones in a subsequent report, and 
are presented now, merely to show that these observations contain trustworthy evi- 
dence that the heat taken up by the air cannot be derived from deep sources by trans- 
mission through the rocks, nor fi*om a magazine of heat lying dormant in the strata. 

The Yellow Jacket is a down-cast mine and the air-current passes down the verti- 
cal shaft to the 1,119-foot level, thence down the incline to the 1,732-foot level, throu^^h 
a drift to the south winze, and thence down this winze to the 2,200-lovel, the bottom of 
the mine. On its way from the 1,732 it sends a current through the 1,935 and 2,046-leveU, 
these currents being reunited in the north winze, which is the up-cast. The north 
winze does not reacn to the surface, and no air rises to day in the mine, the entire cur- 
rent flowing into the Imperial and Bullion mines, both north of the Yellow Jacket, and 
both of them exclusively up-cast. 

Captain Taylor has placed Fahrenheit thermometers of the common kind, with ja- 
panned tin cases, at the surface, foot of the vertical shaft (1,119 level) 1,732 south and 
north winzes, 1,935 north winze, and 2,040 south and north winzes. The observation?) 
obtained are extremely suggestive, the plan of the mine being such as to eliminate 
complications from the problem of heat aljsorption by moving currents of air from rock 
surfaces. The thermometers placed at the south winze on the difierent levels measure 
the increase of heat in the winze itself, while those which are hung at the north winze 
measure the increase of heat which each *^ split ^' of air gains in moving through AV.\ 
feet of drift, that being the distance lietween the winzes. This fortunate arrangement 
of the ventilative currents presents the most favorable opportunity I have ever ob- 
served for studying the problems involved. The thermometers should be replaced with 
standard instruments and the air-current measured twice a week for a year, in each 
drift. The result would be the best series of observations obtainable, for the oompara- 
^ tive shortness of the paths followed by the air, when contrasted with the long drifts 

J of some coal mines, is compensated for by the high temperature of the rocks and the 

marked increase of heat in the air. 

Before giving the table of results obtained during the first half of 1877, it is nece^ 
sary to say that they are merely tentative. The destruction of the surface readings 
ana the absence of standard instruments forbid the acceptance of the results as per- 
fectly accurate indications of the heat absorption. It is expected that more accurat« 
figures will be given in the final report, when records more complete and covering a 
longer period, together with measurements of the distances traveled by the several air- 
currents, will be available. At present only two of the monthly records — those for May 
and June — were taken entirely in this mine, the surface readings having been pre- 
served. The irregularity due to the introduction of surface temperatures does not, 
however, affect the underground readings, but merely make it impossible to ganj^ 
the absorption of heat in the vertical shaft. The gain of heat after the foot of th« 
vertical shaft is passed is fiilly given for the whole six months, the records in the lower 
levels being continuous from that point. 

The air-current entering the mine July 2, 1877, was measured and found to be 18,140 
cubic feet. On the 1,732 level the "split" or secondary air current was found to eon- 
tain 7,200 cubic feet, and for the purpose of illustrating the steady flow of heat frt>m 
the rock, we may reasonably assume that 18,000 cubic feet of air enter the mine everr 
minute, and that this current is divide<l into three splits of 6,000 cubic feet each, which 
pass from the south winze 413 feet to the north winze, on each of the three levelk 1,732, 
1,935. and 2,040. The second of these is out of coiuiideration from the fact that theiv 
is only one thermometer on it, so that no comparison of the initial and fiual tein)>era' 
tures can be made. From the average temperatures given above, we find that th** 
gain on the two other levels was : 

1,732-foot level 10.56 degrees Fahrenheit 

2,040-foot level 7.87 degrees Fahrenheit, 

Six thousand cubic feet of air weigh nearly 400 pounds avoirdupois, and the amount 
of heat absorbed in traveling 413 feet through the drift is — 

In the 1,732-foot level 1,128 poimd Fahrenheit heat-unit^*. 

In the 2,040-foot level 840 pound Fahrenheit heat~iinit«. 

As one pound of anthracite has been assumed to produce 7,500 heat-unit«, and on** 
pound of wood 3.185 heat-units, the heating power of these two drifts is, per minute— 

For the 1,732-root level, 0.150 pound coal, or 0.:i53 pound wood. 

For the 2,040-foot level, 0.112 pound coal, or 0,264 pound wood. 

The reason for the different absorption in the two levels is that the initial tempeni- 
ture of the air in the drifts increases from 78^.20 at the 1.732 level to 850.96 on the 2,tM^'. 
by its journey of about 520 feet in the winze connecting the two levels. The absorptioc 
of heat by amoving current of air is known to vary with the difference in temperatiirt 
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of the air and the rock surface. The nearer these approach each other in temperature, 
the less is the heat absorption. 

The most conclusive evidence that the incessant drain of heat cannot be maintained 
by a constant store accumulated in the rock is supplied bv the 1,732 level. The exact 
dat<e at which the drift connecting the two winzes on this level was finished is not 
in my possession, but as the station in the main incUue was completed in July, 1874^ it 
ift fair to conclude that the drift was cut through by the end of 1875. This would give 
one year's exposure of the rock surfaces by January, 1877, the date when the thermom- 
eter readings were begun. Tlic quantity of air flowing through is assumed to be 6,000 
cubic feet, as in the previous calculations. The gain of heat under these circumstances 
was as follows in degrees Fahrenheit, and montEly averages: 

Yellow Jacket Mine, l,732-/oot level, 1877. 



Jannary. . 

Man-h ... 

Aitril 

May 

.rune 



Arerage for aix montba 



South 
wioze. 



I>eg. 

75.82 

7a 85 

70.10 

77.48 

81.42 

79.39 



North 
winze. 



J>e0. 

80.50 

83.87 

88.89 

88.23 

91.11 

91.62 



Gain. 



10.88 
7.02 

12.79 

10.75 
9.09 

12.23 



10.50 



As before shown, the heat absorption amountn to 1,128 pound heat-unitA per minute, 
which correST>onds to the heat from 0.15 pound of coal per minute, or 216 pounds in 
twenty- four lionrs. 

In this drift, then, with an average age of a year and a quarter at least, the rock 
surface gives out as much heat as would be obtained from coal fires, placed at dis- 
tances of 100 feet, the whole length of the drift, and each bnmiug 52.3 poimds of coal 
daily. Only one candle bums constantly in the drift, and the travel does not amount 
to more than two hundred trips of one man in one din^ction in twenty-four hours 
The efiect of this travel is limited to the change of shifts and the transport of rock and 
timber, both of which are concentrated in short spaces of time. A hoisting engine in 
the winze uses about 9,000 cubic feet of compressed air daily, at 50 pounds pressure, 
which ia quite sufficient to neutralize all tlie heat that can be obtained from the trans* 
itory presence of men in the drift. To further show how completely this source of heat 
may be neglected, it is enough to say that only the morning observation, at 6 a. m., is 
made at or near the time of this travel. 

In other respects I have not observed any circumstances which throw serious doubt 
upon the thermometer readings. The instruments are not 8tandar<ls, it is true, but 
they are properly hung on timbers, and usually with ten or twelve inches of wood or 

. .lir between them and the rock-surface. Whenever compared with one of the survey 
iliermometers hung in the center of the moving air-cuiTent, they have not shown a 

. variation of more than one degree. The daily readings are quite nnifonn, the fluctu- 
ations of more than one degree not exceeding 23 in a series of about 3d0 observations. 
Tlie highest fluctuation noticed is three degrt^^s. 

There can l»e no doubt that tlie discharge of heat is real, that this heat is constantly 
remove<l by the air, and that it comes irom the rock. When we reganl the two main 
hyjiotheses which have lM»en trusted to explain the high temperature so often noticed 
iti volcanic rocks, namely, internal heat or the earth, and residual heat stored up in 
the rock luasf?, it is difiicult to understand how either one of these sources can main- 
r.iin this enormous discharge of heat for years. The circumference of the drift is about 
'2^ feet, outnide of timhers, the dimensions being 6 feet 6 inches at bottom, 5 feet 6 inches 
at top, and 8 feet high, when the timbers are twelve inches thick. The area of the 

, walls is therefore 413 multiplied by 28, or 11,404 square feet, and the heat radiation 
amounts to 142 pound-units per square foot in twenty-four hours. 
Experiments have been made to ascertain the radiation of heat from a blast-furnace, 

. ^melting iron ores. Its walls were probably less than five feet thick, and within the 
fjimace a furious fire, producing an average temperature in the up]>er part of the fur- 
nace of probably 1,500° F., was constantly maintained, and under these circumstances 
rhe radiation in twenty-four hours was ascertained to be about 3^450 Fahrenheit pound- 
nnits of heat. The heat as constantly given out by the walls of this drift is, therefore, 
4 per cent, of that which the fnnmce walls radiated. Considering the long exposure 
<»f the roc^k, for one year, and the unremitted removal of heat, it seems incredible that 
ii definite store of heat placed in the volcanic maas, once for all, could furnish the 

■^ n«'cessaTy supply. It is, in fact, possible to show that without constant accession of 
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heat the rock would soon cool down to the temperatnre of the air which enters thiB 
drift. 

The temperature of the rock heing 130°, and that of the air 78° F., it may be safely 
aasumed that a layer of cooled rock 5 feet thick would effectually prevent the rapid 
radiation noticed. For the area of 11,464 square feet, this would give 57,320 cubic 
feet, which, at 160 pounds to the foot would weigh 9,171,200 pounds. With a specific 
heat of 0.20^ this mass of rock would lose 96,334,&4 pound-heat-unit« in cooling to 78^ 
F. Air has a specific heat of 0.267, and if its temperature is supposed to be constantly 
raised 10°.56, as we find it under existing circumstances, the necessary cooling would 
be accomplished by the passage of 34,161,095 ]K>nnds of air, or 512,416,425 cubic feet. 
At the rate of 6,000 cubic feet per minute, 59.3 days would witness the absolute equali- 
zation of the air and this 5-foot layer of rock in temperature, omitting all transmis- 
sion through the layer from the mass beyond. By the dates above given 547 days had 
already elapsed when the last of the June observations were reconled, and no dimi- 
nution of radiation was noticed. That would not be the case if the beat came either 
from an accumulated store, or by transmission from a deep-lying source. Considering 
the low conductivity of rocks, amounting to only 0.11, that of silver, it appears to me 
that the facts here given are conclusive against the two hypotheses spoken of. It is 
on these facts that I base the suggestion advanced in this report, that the supply of 
heat is constantly maintained by chemical action of some kind. There is only one 
kind of chemical action that is known to have gone on to any considerable extent in 
the Comstock rocks, and that is the alteration of feldspar to kaolin. The facta here 
given are held to indicate that tliis extensive alt-eration is still in progress.* 

Even if this conclusion is granted, it still remains to show how the heat produced 
by this alteration can be poured into the drifts in such quantities. There is good evi- 
dence that the chemical action is not confined to the surfaces of the mine opening 
for in that case the rock would necessarily flake off and swell in consequence of it<s 
superficial alteration. This takes places to a considerable extent, but not enough to 
account for more than a small portion of the heat, and there are ext-ensive areas w^ere 
the drifts remain for years without any visible sign of decomposition in the rocks. The 
principal part of the chemical action must take place in the body of the rock mass, and 
it is evidently necessary to find some means for the constant conveyance of the heat 

Sroduced to the artificial openings. It has already been pointed out that the low con- 
uctivity of minerals to heat forbids the assumption that this can be done by ordinary 
transmission. 

The vehicle for the conveyance of this heat I conceive to l»e gaseous currents, heated 
by the chemical action spoken of, i)enetrating the rocks in every direction and tending 
to discharge themselves into any free channel, like a drift, opened in the ground. The 
source of this gas is primarily the atmosphere. Water is capable of absorbing 0.025 
of its own volume of nitrogen, 0.046 of oxygen, and its own volume of carbonic anhy- 
dride, at the ordinary atmospheric pressure. At a higher pressure the absorption is 
greater, and as the water in the rocks, two thousand &et below the surface, is under 
a considerable hydrostatic head, it probably contains a maximum quantity of gas. 

The fixation of this water in the solid form by combination with the silicate of alu- 
mina necessarily liberates the gas it has dissolved, and this gas must then seek to dis- 
charge itself at the only point that is free under natural conditions — ^the surface. On 
its way upward it continually meets fresh supplies of water, and is reabsorbed until 
the water becomes saturated. As the water would always carry down carbonic anhy- 
dride and air derived ft'om meteoric sources, there would be additions at every rainfall 
to the store of gas in the strata, and the cumulative results of years of this action 
must be the saturation of the rocks with gas, so that whatever is liberated by the so- 
lidification of the water will find no place t-o rest without pushing out some of the gas 
already held so abundantly in the strata. From the point where this chemical alter- 
ation of the feldspar takes place, there must be a dis<*.liarge of gas at least equal in 
quantity to the rainfall which reaches that depth, and this stream of hot gas will take 
its way to the surface and maintain the heat lost by ra<liation from the rocks through 
which it passes. 

This explanation satisfies the conditions observed. The dryness of the propylite in 
the greater portion of the area explored has already been mentioned as proof that the 
heat is not brought in by water from greater depths. Its porous condition gives ocu- 
lar evidence that gases may pass readily through it, and its tendency to absorb water 
from moist air would make it as effective a drier as a chloride-of-calcium tube. 

It is therefore conceivable that the rapid flow of heat into the drifts is cau8e<l by 
streams of hot gas liberated by the combination of the water in which it was dissolved 
with feldspar, and filtering rea<lily through the ))orous rock under the pressure to which 
it must be subjected as a consequence of its deep Hubterranean position. These gase- 
ous currents do not make themselves evident to the s<'iises over the ordinary suiraces 
of drifts, but they do sometimes pour out of drill-holes with strength sufficient to flare 

candle flame. This is Hot a constant, though a frequent phenomenon. " Blowers" 
i^as are met with, but not with more than the usual frequency in mining operatiouA. 
umulations of choke-damp in old drifts are common, though perhaps not more ao 
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than in all mines. The mine waters evidently contain gaa, which bubbles through 
them, and sometimes in quantity sufficient to produce a moderate boiling. 

None of the analyses quoted above give the arooimt of carbonic anhydride present 
in the mine waters, but there are evidences that it must be dissolved m considerable 
quantities. All water-chauneLs in the mines fill up with a reddish powder, caking but 
slightly, and sometimes nearly filling conduits that are placed at a considerable dis- 
tance m>m the source of the water. In the absence of analysis this may be assumed 
to be composed mainly of alumina, lime, iron, and silica, precipitated by the evapora- 
tion of the gaseous carbonic anhydride, which is recopnized as a powerful agent for 
the solution of these elements in water. Similar depositions occur in other mines from 
this cause, and they indicate decomposition of the neighboring rocks. 

The presence of such gas-currents affords another explanation of the hot spots ob- 
served m the mines. In discussin^this phc^nomenon it was assumed that these placi's 
lay in belts of rock that are pecuharly susceptible to decomposition, but if the rocks 
are i>ermeated by currents of hot gas, it is evident that those portions which are most 
fissured will give the most ready means of exit to the gas, and therefore be kept at 
the highest temperature. Such may be the true cause of the high heat observed in 
the Imperial incline lying along the Black Dike, which is not everywhere exception- 
ally hot ; and also in the northeast drift on the 2,001-foot level of the same mine, which 
is fun along a branch dike. The Black Dike appears to be on the whole less suscepti- 
ble to decomposition than the rocks which inclose it, but it is fre<inently accompanied 
by highly -fissured rocks some feet in thickness, a phenomenon common to eruptive 
dikes. A thin and unimportant seam of quartz is also found at many points m its 
course, which indicates the presence of a previous crevice, or broken ground. These 
conditions evidently are favorable to the free passage of currents either of gas or 
water. 

Such currents of gas do not account for the cold belts of rock, and it is probable that 
lioth the causes here advanced — local decomposition of different intensities and gaseous 
currents — are in action. 

It has been pointed out above that the susceptibility of the Comstock rocks to feld- 
spathic decom]>osition cannot be considered a peculiarity, since volcanic areas in other 
phices exhibit similar heat phenomena. All the rocks, propylite, diorite, and andesite, 
show this tendency to break up under the action of water. On the surface there are 
areas where the alteration has been deep, and others, of just as ancient exposure, where 
hardly anything more than discoloration has taken place, the material remaining firm. 
A similar state of things is found below the surface and at all depths reached by the 
works. Soft seams, hard rocks which remain hard through years of exposure, and 
hard rocks which fiake down and soften under the action of the air, are all met with, 
and apparently are not distinguished by mineralogical differences. 

U]>on examining these varying layers the conclusion seems irresistible that the very 
soft rocks have been the channeb of the meteoric waters and perhaps also of the rising 
uiineral waters which have formed the vein, while the solid and unaltered ones have 
not been the seat of water movements to any great exteiit. This observation makes 
the heat of the hard rocks all the more noticeable. ' They are hot, and sometimes rock 
which is perfectly solid, both before and after exposure to the air, is as hot as any of 
the layers met with, though, as a rule, the more decomposed seams are either colder 
or hotter than the unchanged layers. 

This high temperature of the dry and unaltered portions of the ground is sufficiently 
accounted for by the presence of currents of hot gas. It is known that when a porous 
rock once becomes filled with water it is impervious to gas currents, and on this fact 
the modem theory of volcanic action is partly based. In the Comstock ground we 
have decomposed seams, or strata, that are the channels of aqueous penetration, the 
seat of chemical decomposition, of gaseous emanation, and of neat evolution. These 
strata lie in a great mass of rock which is elsewhere dry, and therefore pervious to 
gases, and the gas discharged in the wet belts makes its way through the dry portion 
of the rock, imparting its neat and maintaining the apparently abnormal conditions 
of a rock that is hot from chemical reactions, and yet is not the seat of those reactions. 

In the decomposed layers which I have supposed to be the channels of the rising 
solfataric wat^ers, the clay exists in a state of incomplete hydration. It absorbs water 
with great avidity, and under such circumstances develops unusual heat. When drifts 
are opene<l in such material the clay absorbs moisture from the air-currents, swells and 
throws off fiakes of rock which would come down indefinitely if they were not kept 
back by timbers. Sometimes the breaking of a pump allows water to rise upon such 
a stratum, and then the swelling is so great and forcible that timbers 12 and 14 inches 
thick are broken and split into small pieces. 

These decomposed layers may be looked upon as the furnaces of the district. They 
are found on both sides of the vein and in all the rocks of the region. Sometimes 
widely separated, they also frequently lie within one or two hundred feet of each other, 
and the slow diffusion of the heat produced in them may be supposed to have aided 
materially the effects of the more moderate chemical action in the intervening rocks. 
Considering the low specific heat and conductivity of rocks it is not surprising that a 
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temperature of 130^ F. shoold have been reached and maintained at deptlia of 1.500 
feet and more, where radiation is neceaearily low. 

Whatever tne exact mode in, it is certain that the result is the same as if the Com- 
stock mines were excavated in a mass of burning material. At present the source of 
the decomuosition is probabl>^ atmospheric neti<m. For a certain distance from the 
surface, which may be approximately put at 1,(K)0 feet, the process was complete, or 
nearly so, before the advent of man. The tire had burned out, and the rock had cooled 
down. 

When this zone of burnt-out rock had been passed in the mines a lower zone was 
entered, and here the fire was found to be still in progress. It is not nnfTe<ineutly 
8aid that the heat of the mines has not increast'd im they have deepened, and in pro<»f 
of the assertion it is re])orted that the first bodies of hot water struck were nearly os 
hot as those that have been tapped at lower levels. 

I am inclined to doubt the stnct aceuracv of this statement, though it is quite pos- 
sible that isolated bcxlies of water, tapped cm the upper levels, may have had high 
temperatures, and been derived from portions of the country -rock that were in a 
more vigorous state of chemical action on that level than the general mass. But the 
average heat of the water has increaHCHl in going lower. Mr King gives, as before 
quoted, 70° to 75° F. as the average from the sunace down to the 700-foot level, and 
108° F. as the maximum in the lowest workings of the Empire, Crown Point, Hale 
& Norcroas, which, at that time (ltK59), were about 1,000 feet below the snrfari*- 
This conclusion was formed after a careful comparison of numerous obser^-ations. 
It is probable that after passing through a certain thickness of rock in which alteratiou 
had nearly ceaw^d, the temperature has increased with some uniformity to its present 
8tand|>oint. 

FUTURE INCREASE OF THE HEAT. 

This brings me to the important question, will the heat continue to increase f If it 
do»« increase, will it rise to the jioint of l>oiling water f The elements of the problem 
are too vague for a det\nite opinion on the subject. We do not know how rapid the 
alteration of the feldspar is, how much heat it produces, nor how much surface-water 
reaches the hot ground yearly. 

The temjierature of the water in some of the springs at Steamboat, 12 miles 
distant from the vein, is sufficient local proof that the rocks of the region are capa- 
ble of producing heat enough to raise a ccmsiderable quantity of water to the boiling 
point, and at a certain depth this may be the temperature of the rock at the miue^. 
It seems probable, however, that this depth is one that will not be reached by mining 
in this century, if ever. 

In discussing this question it is necessary to keep clearly in mind the fact that there 
are two distinct classes of hot rocks encountc^'ed. The one is the ordinary rock which 
forms much the greater part of the ground worked in. The other contains a number 
of individual belts, or bands, of hot or cold rock which are found inclosiHl in the 
former. The nature of these peculiar bands will be considered hereafter. It is upon 
the condition of the first cla^fts, or the rocks which compose most of the mining-ground, 
that a discussion of the general tein{>eratiire must be based. If we assume the rate of 
increase in these nicks to be uniform from 108° F. at the l,OiK)-foot level to 130° at the •i.tKK) 
level, it repn»sents "29.2 for 100 feet of depth or 1° to 45.45 f*^et. The lower of these 
temperatures is that assigned by Mr. King to the ** lowest workings of the Empire, 
Cn)wn Point and Hale & Norcross," and this depth at the time he wrote was between 
1,000 and 1,100 feet. Mr. King gives this as the maximum temperature, and from the 
table of observations published by him it is probable that the average may have been 
in the neighborhood of 100<^ F. On the other hand, the temperatures on the 2,000-foot 
levels and below that, were sometimes 13t5^ and 139° F. Assuming it at 140°, in order to 
obtain a maxiuuim, we have a ditl'ereiice of 140° — 100^, an increase of 40° in 1,000 feet 
of dei)th ; an average of 4^ to 100 feet, or 1° to 25 feet. 

The great ditterence between this minimum and maximum calculation shows how 
untrustworthy siieh estimations are when based u]M)ii a limite<i number of obs<*rva- 
tions. The uncertainty is greatly increasi'd by the differences in temperature whieh 
exist within small distanees. When sneh calculations are pres<*nted in this re]K»rt, 
they are to be accepted rather as illustrations than sk jMKsitive e«timati<ms. It is also 
worth iKitieing that these rates of increasing temperature, taken in the hottest mines 
in the world, and where the heat is almost entirely due to natural caus<»s, and not To 
the aititieial conditions of bad ventilation, of crowded mines and combustible material, 
«lo not exceed those which have been reported in numerous other localities where no 
remarkable circumstances were noted. The higher rate, 25 feet to 1°, is perhaps ex- 
cessive, but many determinations in ordinary rocks have given as much as 45.5 feet. 

Tlie greatest depth to which engineers of the present day are looking forward as the 
maximum to which they may be calle<l upon to sink is from 4,000 to 6,000 feet. The for- 
mer depth will no doubt be rea<'hed by the present generation, but I believe prepara- 
tions for sinking to the latter distance have not yet been made in any counti-y. 

If the heat or the general mass of rock increases it the rate of 1^'for 45.5 feet, and 
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the teiuperatnre at 2,000 feet is 130° F, the increase for 2,000 feet more would be 44°, and 
the temperature at the 4,000-foot level would then be 174° F. At the 6,000-foot level it 
would be 218°. 

By the maximum rate of increase calculated above, or 1° to 25 feet, the temperature 
at the depth of 4,000 feet would be 210^ and at 6,000 feet depth 290o. 

It is, however, a matter for pjrave doubt whether under tne existing circumstances 
of the Comst<ock region the rock will be found at any depth to have the temperature 
of 212^ F. The access of atmospheric air and- water must decrease proportionately 
to the depth, after a certain point is reached, and at that point the decomposition of 
the rock and the heat produced will be at a maximum. 

The opinion that the heat wiU increase from its present standpoint is a necessary 
deduction from the explanation which I give of the whole series of phenomena. I 
cannot agree with the conclusion of Mr. King, that the heat of the rocks is brought 
in by water that rises from great depths and in a heated condition. I consider that 
the reverse action is the one which is really going on. The rock heats the water. 

The temperature of the rock was determined oy a number of trials to be 130° F., 
as stated above, while water in large quantities comes into the workings, exhibiting 
a t-emperature of 154° F. According to the hypothesis here advanced tnere must be 
rock of tlus temperature somewhere in or near the vein. If the water is assumed 
to rise from great depths and the rate of increase of the heat is uniformly 1° for 
45.5 feet, the Savage and Hale dc Norcross water of 154° temperature must come 
from the depth of about 3,100 feet, if the temperatures taken in the Crown Point 2,000 
level are assumed as a basis for calculation. Unfortunately it was not possible to ob- 
tain data from the flooded mines, as their lower levels were covered by several himdied 
feet of water during the whole of the field season. The depth of 3,100 feet is 900 below 
the level on which the water was struck. 

I have before stated that I cannot share this theory that the hot water is necessarily 
drawn from great depths, and it is necessary to explain how it is that the water coming 
into the mines is almost uniformly hotter than the rocks, except when it is palpably 
surface water, filtering down through a shattered seam. 

It seems to be pretty well settled that the waters of the lode occupy strata of rock 
which are generally parallel with the vein, these strata beinj^ separated* by clays, dikes, 
or solid strata which are impervious to water, and accordingly retain the liquid be- 
tween them. The numerous long drifts run to the eastward from the vein, cut these 
parallel strata in great numl>ers, and tap the water they contain, sometimes in for- 
midable quantities ; but in spite of the number of these drifts it is probable that some 
bodies of water have never been drained, but remain in the country-rock at levels 
much above the lowest workings of the mines. 

I consider these water-bearing bands of rock lying parallel with the lode, to be iden- 
tical with some of the hot bands previously described, and a little consideration will 
show that the seamy and shattered condition which fit« a rock for storing up water in 
lur^e quantities, also increases its susceptibility to decompositiou by increasing the 
surfaces acted on. The vast quantities of water which have, again and again, sud- 
denly flooded one mine after another, are evidence that tlio reservoirs wliic-Ti contain 
them are also made up of shattered seams^ for tlie undecomposed rock of this region is 
finely porous and not coarsely porous. It could hardly contain as much water as an 
ordinary sandstone, and certainly it could not give up its fluid contents with any great 
rapidity when in its natural condition. Those*, facts have been recognized for a long 
time on the Comstock, where there is now a si^ttled conviction among intelligent ob- 
servers that the great inflows of water come from shattered and decomposed seams 
parallel with the lode and sometimes of groat tliickno.ss. The old idea that the coun- 
try-rock contains cavernous openings holding large bodio^s of water, lias been aban- 
doned in consequence of the ])ro<)f, att'onlod by more than a hundred miles of explora- 
tory workings, that the inclosing rocks are singularly free from vugs and open crevices. 
Very few have been found in proportion to the ground ])onetrato<l. 

These facts force upon us the conclusion that the high temperature of the floods of 
w.ater is not necessarily due to the depth of their origin. It is more proliable that 
the hot waters come from seams which, on account of their shattered condition, are 
both more susceptible to chemical action and also more capable of storing up the fluid. 
Nfitonly is the deep origin of the hot wat-ors not proved by the facts, but the contrary 
h>i>othesis is strongly borne out. Wheu they are encountered, it is quite a common ex- 
perience to strike them l)€low the highest point of their source, and the mine is often 
flooded by such an oecun'ence to the depth of several hundred feet. The case of the 
Savage and Hale &, Norcross mines is quite in point. The vast accumulation of water 
which has disabled them for nearly two years was first struck in the 2,20()-foot level of 
the Savage, and filled the two mines to the 1,700-foot level, a height of 500 feet, besides 
filling the 2,400-foot level of the Savage. This pressure cannot be attributed to the ten- 
sion of any ^as, for it has been shown in a former part of this rex>ort that the emana- 
tions of gas in the mines have never been very forcible. 
The head of 500 feet under which this water entered the mine, and which was 

12 WH 
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steadily maintained for several months, dnrinff which new pnmps were put in, may be 
referred with tlie most probability to a simple hydrostatic head. Its origin was not 
deeper than the 2»200-foot level, but, on the contrary, at least 500 feet al>ove it ; and 
this fact, taken with its temperature of 154° F., fonuu the most significant evidence in 
regard to the origin of all these bodies of heated water. 

The fact that tlie great bodies of water come from the upper portions of the country 
rock, taken with the other fact that their high temperature may reasonably be 
ascribed to their occupying the bands of hot rocks, as rest^rvoirs, throws strong light 
upon the important question of the future continuance and increase of the heat in the 
mines. The conclusion is that the heat will continue and may increase somewhat, 
but probably will not reach the boiling point. 

The uiufomi disposition of the rocks in the Comstock region, entirely unbroken as they 
are by faults, give^ goo<l assurance that these collections of water extend to great depth"*. 
I suppose that there is a certain amount of convection in this water, currents from 
the upi)er portions of the strata setting downwanl and pressing up currents of hot 
water from lower depths. This action maintains the water in the upper parts of the 
strata at a higher temperature than it would otherwise have. The not water drawn 
from the lower depths presupposes the existence there of rock of equal temperattire. 
In fact, as there is a constant loss of heat near the surface, we must look upon the 
highest temperature yet observed in a large body of water, 154° F. as a mean obtained 
by mixing colder water from the upper rocks with hotter water from those below. 
The limited rain-fall of Nevada would, however, make the yearly accession of wat<»r 
very small when compared with the quantities which we mav suppose the rocks to 
hold as a permanent store, and this yearly addition would be heated probably above 
130^ F. by the heat of the upper rocks and the fresh chemical action set up by itf» 
presence. 

Until water temperatures above 154® F. are obsen^ed. we mav content ourselvesi 
with the belief that nothing in the present condition of tilings inmcates the certainty 
that the heat will ever rise to the boiling point of water, 212° F. As above stAte<l, 
it is rational to suppose that the access of atmospheric air and water must diminish, 
in proportion to the depth after a certain point is reached. At that point the temper- 
attire will be at a maximum. Below it there will be a state of equilibrium, probaoly, 
for a very considerable depth. Below that, the heat may diminish even to a point 
below that of the highest of the three zones. There must be some point where the 
absence of drainage allows the water to lie like a blanket over the rocks, protecting 
them from the action of air or gases from the surface. The known depth required for 
the production of a temperature amounting to 130° F. is so great that we may fairly 
doubt whether air or water penetrate to lower depths in quantity suf¥lcieiit to main- 
tain mineral decomposition with the activity necessary to obtain the boiling tempera- 
ture. The boiling heat of the water at Steamboat Springs is evidence that the chem- 
ical action is going on there near the surface. The common impression that these 
springs are the last indications of the volcanic forces which poure4 out the torrenta 
of melted rock that now cover this whole reeion, may be accepted in a modified form. 
The rocks of that neighborhood may be the last of a series that certainly occupied an 
enormous time for their ejection, and in that sense they are the last to undergo decom- 
position. Chemical action is nearer the surface in them because it is newer. Its max- 
imum line is higher than in the older rocks of the series, which are those that now 
inclose the lode. 

To recapitulate briefly the facts here given, this'explanation of the heat phenomena 
connected with these remarkable mines therefore suppost^s the existence of a cold, and 
what may be called a burnt-out, layer of rocks extending for a thousand feet below 
the surface, a zone of hot rock still in active decomposition, which has been proved to 
exist for a depth of about fifteen hundred feet more, and no doubt extends thousands of 
feet further, and finally a mass of cold rock at a great depth which has not yet begun 
to decompose. This hypothesis will be found to satisfy all of the observed facts. 

The peculiar bands of hot and cold rocks which have been described are simply 
layers of rock in which decomposition has been delayed or hastened. When the text- 
ure of a rock is such that it resists decomposition longer than other layers in its neigh- 
borhood, it will be at its maximum temperature long after its fellows have pa.sR<Hl 
theirs and cooled down, and this I conceive to be the situation of the hot bands. They 
are individual layers of rock undergoing delayed decomposition. 

On the other hand, when a rock is i)eculiarly susceptible to the action of the air and 
water, its alteration will proceed more actively than that of the surrounding rock. 
It will therefore pass its maximum temperature sooner, and be cooled down by the 
time that its neignbors begin to be at their hottest. This is the state of the cold bandi>. 
These bands, in fact, offer us at several places in the mines examples in miniature of 
the action that is going on upon a grand scale throughout the whole system of rocks. 

All the known facts strengthen the supposition which is a<lvanced* in this report, 
that the heat in the mines is subject to a steady and moderate incn^ase as their depth 
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is increased, this coin])aratively rt»^ular progrP8Hion being broken by tbo pa.'^sage 
thronjkjh belts of n)ck heated above the average of the "oonntry.'* 

In reganl to the single mode of heat produetion suggestecl here, it is of course possi- 
ble that other forms of mineral alteration than tlie transformation of feldspar to clay 
mav have taken place, but they have not been obst*rved. The minerals of the country 
r<»ck and vein .ii)pear to be the same in depth as near the surface, in the cold zones. 
The rocks are remarkably free from zeolites and other evidences of mineral interchange 
through the medium of water. Whatever has been done of this kind is almost con- 
lintHl to the de|H>sition of quartz in the upper minCvS, and of quartz and calcite in the 
hiwer mines of Virginia and Gold Hill, and t-o the formation of clay. Calcite is found 
in the Black Dike and in rocks of apparently similar composition east and west of the 
vein, and gypsum also occurs on the surfaces of fissured seams. But the qiiantity of 
both is so small, excei»ting in the Devil's Gate part of the district, that tJiey might 
well be referred to the ordinary action of atmospheric waters in any series of strata. 

KKLATION OF TEMPKRATURE TO DEPTH. 

The temi)erature of the rock has no relation to fixed levels. Then? do not appear to 
1k' horizontal zones in the earth, with a temperature peculiar to each one ; but the 
relation of temperatui*e to <lepth from the surface is ai)i)arent through all the vana- 
t toils due to differences in the rocks and other causes. The depths given are reckoned 
from the top of the pri^sent shaft, or some old one in each mine, and there is no com- 
mon datum asriiimed. The altitudes of the shafts vary to the extent of several hnn- 
iimX feet, but there has been a certain correspondence, though not a close one, in the 
depth at which hot water was tapped in the (liferent mines ; that is to say, the depth 
from the varj'ing outline of the surface is the oidy one that can be called constant. 

This is illmttrated by the case of the Justice Mine. The mouth of its shaft is nearly 
1,000 feet below the Gould & Cuixy croppings, and its lowest workings were about 
1,000 feet below the surface. These workings are therefore within a few feet of the 
same absolnte level as the Gould & Curry 1,900-foot station and drift, where the re- 
markably hot ground above referred to is reported to be. In the latter mine an air 
temperature of 123^ F. is reported in the drini, but in the Justice the rock is still ciuite 
cool, and though the temperature of the mine is s<miewhat higher than on the surface, 
thu) increase is mostly due to the burning of caudles, heat or the workmen, and otlier 
causes that raise the temperature of mo.st udnes. 

What the future of the Justice in regard to temperature may be cannot lie positively 
foretold, because the tilling of its lo<le is entirely different in character from that of 
the upper crevice. It is carbonate of lime, while the whole series of mines, from the 
Utah to the Caledonia, have quartz for their ^angue. One is basic, the other acid. 
Still, as the heat is derived from the decomposition of the country rock, and depends 
upon the vein only so far as to be iucrea$»ed by the numerous surfaces exposed to 
atmiotfpheric influences near the crevice, it is to be ex]jected that the Justice and other 
mines in that neighborhood will, in siuking a few hundred feet more, take their places 
among the hot mines of America. The basic character of the gangne probably cannot 
of itaelf affect the result, and is to be regarded only as an iTuUcation of conditions in 
the formation of the lode which may have lessened the liability of the country rock to 
decomposition. 

The depths referral to in this report are all vertical, and for that reason they do not 
repreaeiit the path which the atmospheric agencies have actually taken. That is to 
be measured along the dip of the rocks, which varies from 40 to 60 degrees. No other 
course is opened to surface waters, which have been clearly proved to be limited in 
their spread by the numerous clay seams which abound both in the countr>'^ rock and 
in the vein, and which generally dip with the other rocks. My own observations have 
convinced me that these watei-s may also be confined by sheets of massive and com- 
paratively impermeable rock, of which there are countless exposures in the east cross- 
cuts of the mineii. 

We must, then, consider that the path of these decomposing agencies has been fol- 
lowed, not only for a depth of 2,400 feet in the Savage Mine, but for a depth on the 
dip of the rocks that is approximately one-half greater than this, or nearly 4,000 fe^^t. 
For more than one-third of this distance the action has passed by ; the rock is burnt 
out. At the lK)tt<»m of the lower portion, or 4,000 feet from the surface, the decompos- 
ing action may |>erhaps be considered to ue approaching its maxinmm. 

These distances do not exceed, nor in fact equal, those which have been indicated 
by theorj' as the possible depths of atmospheric penetration. Observations upcm vol- 
canic action and deep artesian wells have familiariz4Hl us with the idea that chemical 
action due to the presence of atmospheric air and water is going on at the depth of 
thousands of feet. But no instance of this action at depths greater than those exhib- 
ited by the Comstock mines has been pointed out. 

The'Comstock mines, however, offer a gnniter promise of discovery in this matter of 
rock temperature than any others that I am accpiainted with. The extraordinary 
rapidity with which their operations are prosecuted, the extent of the works, and the 
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fact that they open to iuspectioii a {n*^at onipti vo luiiieral lode tlioroughly for two miles 
in lenjifth and partially for innny thousand tVet more, give them unnsual value as a 
lield for investij^ation. They not only follow an eruptive dike throughout it» course, 
but they also exi)l(»re a parallel system of eruptive roeks by cross-cuts which are often 
from 3(X) to 500 feet long, and sometimes stretch out to 1,000 feet and more. They aiv 
also certain to be o])ened to much gi-eater depth than now, an<l with a rai>idity that 
will no doubt make them foremost in deen mining within a few years. Tnese condi- 
tions, combined with the peculiar susceptibility of the country rock to decomposition, 
give gooii reason for expecting that the future of these mines will aftbrd opportunities 
for valuable observations of many kinds, and it is to be hoped that means fur carrying 
them out without intermission will be provided. 

THE Sl'TRO TUNNEL. 

This important enterprise has be«»n pushed with great vigor for several years, its 
progress having lately been 9 or 10 feet a day when not in very bad ground. It had 
reached a distance o^ 19,542 feet on May 1, 1878, and then had 648 feet of cutting to 
be made. It is the deepest mining adit in the world, being exi^ected to enter the 
Savage Mine Iwtween 1,600 and 1,700 feet below the mouth of the shaft. Its im- 
portance to mines which are always subject to flooding is therefore evident, as most 
of this lift will be saved in pumping. The tunnel mouth is in the town of Sutrb, in 
the valley of the Carson River, about 7 miles distant by road fromtlie Comstock lo<le. 
In its way to the mines it will cut three of the reprt»sentative rocks of the district, the 
trachyte, the propylite, and the andesite. These eniptive rocks will be exposed 
through their whole section, unless the trachytic Mount Ran, on the eastern bank of 
the Carson, is ascertained to belong to a period later than the Mounts Emma, Rone, 
and Kate, on the we«t bank of the river. 

From every point of view, the Sutro tunnel is an undertaking of the first im- 
portance. I much rt*gret my inability to si>end the first field seastm of the Comstock 
survey entirely in its examination, as it eWciently furnishes the key to th e rock Byst«>m 
of the whole region. It offers a rare opportunity to obtain an intimate knowledge of 
a great area of eruptive rocks, and with its aid it is pinibable thiit the story of the 
Comstock can be finally read. This work is necessarily left for another season, my 
entire elibrts this year being concentrated upon the task of mapping the formations, 
as before said. 

The tunnel, fortunately, remains ojien for inspection almost uninterruptedly through- 
out its whole length. Mr. Sutro, the organizer and superintendent of the'work, has 
with unusual forethought r«»served a series of i-ock samples taken daily from the header 
for several yeai*s ; and an an example of the amount oi work which the extensive min- 
ing operations of this region everywhere require, it may be mentioneil that the mere 
selection and prt^paration of specimens fnun these samples will probably require the 
work of one man for a month or nion*. It is proposed to take a Canfield-s mineral 
dresser into the field another season, for the preparation of these and other illustrative 
specimens. 

The superintendent has also preserved a careful record of the work done, and the 
labor and material required to do it, for several years. It is to be regretted that this 
does not cover the whole period of tmmel-work ; but it does cover the entire period of 
work with machine drills, and when the undeHaking is completed it will oft'er the 
only example of a mining tunnel of the first class cut under the i>eculiar conditions* 
which are frmnd in America. 

The history of this tunnel indicates that the country east of the great lode presents 
essentially the same characteristics as the vein and its neighborhood. Quartz veins 
in considerable number have been passed through. Water belts have been cut that 
poured out more that 2,000,(KX) gallons a day for a long time, the supply then dying 
eway to nothing. Dikes that resemble the Black Dike of the Comstock have been 
passed. The tunnel, in fact, offers us an epitome of the geological history which the 
Burfaco presents in broader features, more dimly outlined. 

The completion of this work is to be expected within a few months, when the great- 
est silver-mines of this continent will be juxivided with a new base of operations. The 
value of the tunnel will incr«»ase as the mines get drejier, fVu* no other engineering 
difficultj' of the future j>res<»nts such obstacles as the ]iroblem of pumping gi*eat quan- 
tities of water from extreme depths. This obstacle the tunnel, as an adit for drainage, 
will postpone for ten years at least, and lessen for all time. 
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Appendix I. 

GKOLOGICAL REPOKT OX PORTIONS OF WESTERN NEVADA AND EASTERN CALIFORNIA, 
INCLUDING PART OF THE SIERRA NEVADA RANGE, BY A. R. CONKLING, FIELD SEASON 
OF 1877. 

New York City, March 15, 1878. 

Sir : I have the honor to submit a geographical report on the regions of Nevada and 
California explored in the season of 1877. The area examined in 1876 lies adjacent 
to that surveyed in 1877, so that the re^iort presented herewith connects directly with 
the work of the previous year in the Sierra Aeva<la Range. In order to complete the 
trian^lation hegnn in the central part of the range in 1876 it was deemed necessary 
to revisit a small part of the area surveyed in that year. Wherever this was done I 
have avoided repeating a description of the geology, and the reader is referred to the 
annua] report for 1876 for detailed information about the region in question. 
Very respectfully, your obedient servant, 

Alfred R. Conkling. 
Lieut. G. M. Wheeler, 

Corps of Engineers^ in ch<irge. 



introduction. 

The region surveyed in 1877 lies in Eastern California and the extreme western part 
of Nevada, between latitude 38^^ and 39« 30', and longitude 119^ 15' and 12(P 54' approxi- 
mately. The area exhibits little aside from metaniori>hic and igneous rocks; and the 
paucity of sedimentary*- rocks is remarkable. Throughout the mountain area I did 
not observe a single outcrop of this latter class ; but limestone occurs in the western 
foot-hills of the Sierra near the e<lge of the area. The area examined lies in Douglas 
County, Nevada, and in Alpine, Mono, Tuolumne, Calaveras, Amador, El Dorado, 
Placer, and Nevada Counties, in California. It extends from San Andreas and Placer- 
ville on the west to Bridgeport and the Como Mountains on the east, and from Meadow 
Lake and Moiuit Jackson, in Nevada County, on the north, to the Sonora and Mono 
turnpike road on the south. In general the geographical formation is very simple. A 
strange feature in the scenery of the Sierra Neva<la is the occurrence of igneous rocks 
on the ridges of granite, which project from the ridge-Unes as tors, domes, p^Tamids, 
and in other fomiH. 

There is abundance of evidence of former glaciers in the Sierra Nevada, for vast sur- 
faces of granite have been polished and in some cases grooved by glacial ice, so that 
it is probable that during the glacial period the greater part, of these mountains was 
covered with a vast icy mantle. The glaciers, as a rule, extended to the west, and after 
moving over the foot-hills escaped to the Sacramento Valley. Some of these moving 
masses were verj' large. I had not the opiMirtimity to trace the exact limit or extent 
of any of them. About 100 miles farther south in this range Messrs. King and Gard- 
ner, of the California Geological Survey, surveyed the course of an ancient glacier and 
fonnd it 40 mileH long, which is double the size of the Aletsch Glacier, the largest in 
Switzerland. Tliere is very little doubt that the portions of the Sierra Nevada explored 
in 1877 were formerly covered with moving masses of ice as great as any in the south- 
em part of this lofty chain of mountains. 

It mi^ht be well, though difficult, to trace out a series of glaciers rising in the crest 
of the Sierra and filling the deep cafions of such rivers as the Stanislaus, the Mokelumne, 
the various forks of the American, Alpine Creek, and several minor cafions bearing no 
name. Bowlders of gray granite from the western summit are scattered along the 
divides in the western foot-hills. The evidences of glaciation on the eastern side of 
the Sierra Nevada are not as well marked as on the western. Yet it is probable that 
part of the vast sheet of ice escajied to the east and northeast, and melted in the jdain 
of Nevada, 

Much mineral wealth exists in the Sierra Nevada, especially in the western foot-hills, 
but very few ore deposits have been observed on the summit of the range. On the 
eastern slope the ores are usually found in diorite and diorite porphyry, but on the 
western side they occur in chlorite schist, talcose schist, and serpentine of blue, green, 
and gray colors. Placer diggings are found on both sides of the range, but chiefly in 
the western foot-hills, which contain the great mineral belt of California that runs 
ntirth and south from one end of the State to the other. 

The mineral wealth of the area surveyed in 1877 lies mainly in El Dorado, Nevada, 
Alpine, Calaveras, and Mono Counties. In El Dorado C(mnty my examinaticms were 
in the vicinity of Georgetown and Placerville. In Nevada County Meadow Lake was 
visited. The important mineral deposits at Grass Valley were not in our area. Alpine 
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County wa« thoroughly explored, hut of Calaveras Couuty the eastern and central 
portions, and of Mono County the northern part only, were examined. A few ore dejiosits 
wei-e obser>'ed in the northern edge of Tuolumne County. 

Twelve mining districts were visited and reported upon, and notes were made 
resiiecting several undevelojKid outcrops of mineral in the Sierra. 

Throughout the entire area there is no peak which rises 12,000 feet above the sea- 
level, but several are as high as 11,000 feet, and two or three are still higher — f. <?., 
Silver Mountain (Highland Peak) and Stanislaus Peak. In this region there has been 
much erosion, many caflon-cutting rivers having left their mark on the slopes of the 
range. Sgme caflons, such as the middle fork of the American River, near Michigan 
Bluns, reach the great depth of about 3,000 feet. These cations are generally V- 
shaped ; but a few have the shape of a U» as that of the main Carson River, near 
Dumont's Meadow, and that of the west branch of the Carson between Woodford's and 
Hope Valley. The caflon- walls are usually i>erpendicular, or nearly so, for about 1,000 
feet, whence they slope toward the top of the ridges which include them. A singular 
feature of these cafions is that the highest walw or deej^est portions are frequently 
near the head or upper part. In many of these the walls are so steep and rocky that 
there is not a trace of soil or vegetation on them. All the deep cafions of the Sierra 
Nevada are in granite, and hence tuilike many other equally deep cafions of the West; 
for in Colorado and Utah these are oftentimes in limestone and sandstone, particu- 
larly the Grand Cafion of the Colorado River. There is one moderately deep caflon in 
igneous rock; i. «., the Scandinavian, in Alpine County, which is formed in diorite. 

The fauna and flora are mtmotonons throughout tlie area explored in 1877. The 
former consists principally of small mammals and small birds, such as gray and red 
squirrels, quail, partridge, grouse, sage-hen, rabbits, a few bears and deer, as well as 
several sj>ecies of reptiles and insects. Fresh-water shells were also collected. The 
flora is mainly composed of conifers, (j^uaking a8)>ens, and underbrush of manzanita, 
whitethorn, wild honeysuckle, and poison-oak. There are a few alpine flowers, and 
ferns, moss, and lichen are abundant. A curious feature of the Sierra Nevada is the 
occurrence of a fine patch of grass wedged in between barren granite ridge« where 
t^es can scarcely grow. 

The following passes were crossed, beginning at the north : The summit road by 
Donner X^ake, the PlacerWUe road, the Amador road, the Big Tree road, the Mono and 
Sonora road. The finest scenery along any of these rout-es is foiuid on the last. 

The Sierra Nevada is very thinly populated. Many stockmen, of course, take ad- 
vantage of the good grazing-land in parts of the Sierra and keep their cattle and 
sheep in the mountains during the summer months. All available land is occupied by 
sheep, so that as early as the Ist of September almost every blade of grass is eaten off. 
There are fine cattle-ranches in the mountain iwrtions of El Dorado, Alpine, and Nevada 
Counties, but the sheep go everywhere. 

THE CARSON VALLEY AND ADJACENT MOUNTAINS. 

Beginning with the environs of Carson City, we have first to consider the valley o 
the Carson River from this point southward' to its head. But before entering n|)ou 
this description, a reference may be made to the sandstone-quarries one mile east of 
the ctii>ital of Nevada. A brief account of thew. deposits was given in the annual re- 
poTt for 1876, and the fact was mentioned that fossil Unios were abimdant, some of the 
specimens being very ]>erfect. Since then I have found many living CnioH on tho 
banks of the Carson River, about two miles distant. Their shells strongly resemblt» 
those of the fossil species. I*rof. 1). S. Martin, of New York, informs me that two 
species are represented in the specimens I have collected, and that they are closely 
allied to the types of the Atlantic States and Mississip])! Valley. Within the past 
year a block of gray granite, about IW) inches huig and 16 inches wide,' was found em- 
bedded in the yellowish saiKlstone about 25 feet from the surface. It has the same 
texture with that of the Eastern Sunnnit, and was evidently transijorteil from this 
range, which is about 4 miles distant. 

Imjiressions of fossil birds are found in the sandstone. They are three-toed,*the toes Imj- 
ing e<i ual and about 4 inches long. Several teeth of the elephant and horse were collected, 
but these are rare. The sandstone is of Tertiary age ; but as the fossils have not yet 
been accurately determined, I cannot state to what epoch they belong. Lake basins 
replete with vertebrate renuiins are seldom met with in Nevada, although common in 
portions of Nebraska and Wyoming. And considering the facts that thei-e are no other 
fossiliferous deposits within a hundi-CM^l miles, and that igneous rocks occur on all sidea 
of the State Prison quarries, so that the deposit of sandstone is like an island in a 
desert sea, the occurrence of vertebrate fossils is particularly inter<*sting. 

That part of the Carson Valley lying in Ormsby and Douglas Counties is a broad 
alluvial plain, which includes some of the best agricultural land in the State of Nevada. 
The level is interrupted in a few places by low ridges and buttes of granite and 
igneous rocks. In the southern part of Ormsby County, about 3 miles east of the 
Carson River, a bed of earthy graphite occurs, associated with calcite in bluish lime- 
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atone. The Umest-oue rnns northwest and southeast^ and is about 6 feet thick ; but it 
has been traced only a few feet. The ledee is in a ravine, about half a mile from the 
wagou-road leading to McTanahan's Bridge. Other croppings of graphite are found 
in the neighboring hills on the south. Several miles south of the bridge just men- 
tioned is a low basaltic ridge containing the Humboldt Mine, which is being worked 
at present, but was not visited. 

A large deposit of graphite is found in a ravine of the eastern summit behind Genoa. 
There are hot springs two miles south of the town, at which a hotel and water-cure 
have been erected. The temi>erature of the wat«r is 135° F., and the hot air or vapor 
within the bath-house has a temperature of 115° F. The attendant informed me that 
the water is hottest in the night. 

Tors of gray granite outcrop on the spurs of the eastern summit. In the Carson 
Valley there is no rock in situ between tne ridge that contains the Humboldt Mine 
and a ]K>int one mile from Woodford's. There seems to be an uninterrupted mass of 
granite from the eastern summit, at the south end of Lake Tahoe, to the West Carson 
Cafion ; and the west branch of the Carson River runs through a deep oalLon of gray 
granite, in which the jointed structure is well shown. About 4 miles west from \^i^od- 
lord^s is a small lateral cation, at the top of which on the plateau, and about 1,500 feet 
above the level of the river, occurs volcanic breccia of a brownish color, which is 
traversed by joints. The northern wall of the caflon is a little higher than the southern. 
At the entrance to Hope Valley the granite becomes quite feldspathio, and horn- 
blende enters into its composition. Granite and syenitic granite continue up to the 
head of Hope Valley, which contains excellent pasturage, and has many bowlders of 
gray granite scattered over it. A low, broad ridge of gray granite occurs about the 
middle part of the vallev, and an outcrop of coarse gray trachyte, about 40 feet thick, 
was seen just behind the house of Mr. T. M. Stevens. A stream of water has cut 
through it and formed a small chasm. - 

Hope Valley is bounded on the west by Stevens's Peak, a mass of red trachyte, con- 
taining hornblende, orthoclase, and plagioclase. The mam mountain of Stevens's Peak 
runs east and west and presents a rugged outline, and a vast amount of detritus covers 
the summit. The south side of the peak is much steeper than the north, and there is 
no timber within 600 feet of the top, but underbrush extends nearly all the way up 
the mountain. On the east side is a perpendicular face of rock for about 400 feet, but 
on the west the peak curves around tM)ward the north, and the red trachyte extends to 
about one-third of a mile west, and then blue diorite with black crystals of horn- 
blende appears.. About three-quarters of a mile on the ridge northwest of the peak 
the diorite assumes a sl&ty structure, has light -blue color, and contains olivine. 
Brown volcanic breccia occurs at the foot of the western slope of Stevens's Peak, and 
north of the peak, just across the ravine, and on the same mountain mass, the breccia 
outcrops again. The rock has been denuded so as to form pinnacles and turrets. The 
grooves are perpendicular, and probably they have been formed by rain and melted 
snow. Brown volcanic breccia occurs also on the narrow ridge that extends eastwardly 
from the peak. The lower half of this peak on the east side is gray granite, contain- 
ing black mica, limpid quartz, and white orthoclase. Directly south is Red Mountain, 
which has essentially the same petrographical formation. At the head of Hope Val- 
ley low ridges of granite occur. 

Southward from Stevens's ranch the land rises rapidly to the head of the valley, and 
the dome-shaped hills and bosses of gray granite have been rounded by glaciers. West 
of Stevens's Peak is an alluvial flat, about one-half mile wide, which holds two ponds. 
There the Little Truckee River rises, and flows thence through the narrow granite 
caAon in a northeast direction to Lake Valley. The caflon shows three lakelets, whose 
west-em sides are densely wooded. The east side of Hope Valley is a large ridge con- 
sisting of granite in the' lower part and trachyte in the upper. Cary's Peak, just east 
of this valley, is a knob of blnish-gray trachyte about 150 feet high. The rock con- 
taiits black hornblende and white plagioclase, and is similar to the trachyte on the 
eastern side of Stevens's Peak. It is slightly laminated, and on the south side is in 
prismatic columns. The sloi>es of the mountain are much covered with d^Me; there 
IS no timber on top, but a few conifers are on the ridge. About three-quarters of a 
mile to the northwest on the ridge there are two knobs of igneous rock which I did 
not visit. The western one is the higher. Looking southward the observer sees the 
low granite ridges in Hope, Faith, and Charity Valleys. South of Hope Valley the 
eastern and western summits run together, and* are henceforth one broad range as far 
an my ol>servations extended. Blue basalt, having a somewhat slaty structure, occurs 
about 2 miles west of Cary's Peak, in a caflon. Gray granite now appears, and on the 
eastern b(»nler of the west fork of the Carson River are two low ridges of gray granite 
perpendicular on the side toward the river. There is a similar perjiendicular wall of 
frrtky granite on the opposite side of the grassy flood-plain of the river. Both are 
aY>out 50 feet high. The Hope Valley gold and silver mine lies near the head of the 
valley. Mineral croppings have long been known in Alpine County, and this deposit 
was discovered as far back as 1854 by Mexicans. Since then the mine has been worked 
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at inter\-als. The wall-rock is partly white qiiartzite, and partly granite. The leclce 
is traced for a width of 50 feet, and nms nearly north and south. The ore i« chiefly 
anriferous quartz, hut chaleopyrite also occurs. Blue basalt outcrops near this mine, 
and also near the head of Hojie Valley, 2 miles south of Stevens's ranch. The r^d 
trachyte stops at the Amador road. Going southward into Faith and Charity Valleys 
the rock is all gi'ay gi*anite, except a few bowlders of basalt are scatteretl over the 
country. The pasturage on the broad alluvial bottoms of these valleys is fine. The 
ridge on the west side of Charity Valley is basaltic, and on the ea«t side light-browu 
trachyte containing a few particles of black mica. The we«t branch of tne Carson 
River rises in Faith Valley. Following up Charity Valley we cross a low ridge of red 
volcanic breccia, which is much decomposed and takes the form of tors, knol>8, pinna- 
cle»M, &c. The next large valley on the south is Indian Valley, which contains an 
abundance of fine grazing-land. There is a lofty serrated ridge of volcanic breccia on 
its eastern side, which has been called the '* DeviUs Ridge." The cre«t-line is jagged, 
and erosion has prmluced very fantastic outlines. The ridge is one of the moat pic- 
turesciue in California, and has several outliers and deviFs walls. At one locality a 
tor of rock, known as the ** Devil's Toe," and about 100 feet in height, projects above 
the ridge-line. 

There is a large lake on the eastern side of Indian Valley. Roches moutonnSes of gray 
granite occur oii the north and northwest; the peak at the head of the valley is gray- 
ish-blue biisalt, and gray granite extends several miles to the westward, as far as Blue 
Lakes. A lateral valley runs weat from the head of Indian, and at a distance of 3 milei* 
blue syenitic granite outcrops. Southward from this vailey one finds the hills com- 
posed of volcanic breccia for about a mile and a half, beyond which curved and straight 
basaltic pillars about a hundred feet in height occur near the road. 

The north side of the ridge north of Hermit Valley is strewn with bowlders of sev- 
eral kinds of igneous rocks. The rock now passes into gray granite. Farther south- 
wartl is the cafKin of the Mokelumne River, which is formed in the same kind of rock. 
The walls are rather high and steep, but not in so marked a degree as a few miles far- 
ther down. The first ridge south of the river is composed of lightr-gray to dark-brown 
volcanic breccia, and between it and the river there are several ledges and knolls of 
gray granit*;. The breccia contains lioth vesicular and scoriaceous basalt, and is more 
varied in its composition than that of the Amador roa<l. This ridge has two outliers* 
composed of the same rock and running at right angles to it northwanl, or toward the 
Mokelumne River. This caflon exhibits uimiistakable evidence of glaciers ; and doubt- 
less a glacier once had its rise on the western 8lo|>e of Silver Mountain, moved west- 
ward aiul scoo]ied out the Mokelimine Cafion. The rochen mouionn^es are occasionally 
covered with a little soil and clusters of coniferous trees. 

Gray granite t(»nns both walls of Pacific Valley, There are several outcTO|>8 of 
igneous rt^cks at the head as well as on the eastern side. Lookout Mountain is about 
2 miles east of the valley, and near it is a butte of columnar basalt. The pillarehave 
usually five sides, and the rock is dark blue and contains many Bi>ecks of olivine. 
Next to the basaltic pillars occurs a kind of gray porphjTitic diorite encrusted with 
white calcite. A few other buttes of blue basalt occur on the same mountain mass, 
the northernmost of which is the highest. Gray gi'anite occurs on the northeast side 
of this mountain, about half way down to the valley ; and at half a mile west of tho 
mountain gray hornblende porphyry and volcanic breccia outcrop. Trachyte having 
a slaty structure and light-gray color was seen in a gulch about one mile west of the 
mountain. 

Traveling east toward Silver Mountain, we have gray granit« all the way, with occa- 
sional tors and knolis of basalt and volcanic breccia, rroin Hermit Valley gray gran* 
ite continues along the wagon-n)ad till the sununit of the pass is reached and forms 
the densely-timbered ridge south of the Mokelumne River. There are two lakelets 
just north of the summit of the jmss, and several dome-shaped buttes of basalt oc^ciirin 
this vicinity. Gray granit<^ is found on both sides of the Big Tree road as far as Silver 
Mountain City. There are a few ledges of auriferous quartz near the head of Silver 
Creek; and a small outcron of blue diorite was seen m the south side of the same 
stn^am. I visited the Noble Canon Mine, first opene<l in 1863, in company with Mr. 
F<»rd, one of the ownei*s. The ore occurs in ledges of white quartzitc* in gray granite. 

Silver Mountain consists of four peaks — ^two on the northern and two on the south- 
ern end, which are connected by a low, narrow ridge. The highest iH*ak is 10,956 
feet al)ove the sea-level. In making the ascent of the mountain by the north side one 
sees at first blue basalt in Htu; a little farther up, and slightly to the west, occurs 
blue diorite containing many crystals of green hornblende ; and on reaching the bn>ad 
plateau basalt again appeaw. At the south end of this plat-eau, which is about a quar- 
ter of a mile long, the land rises rapi<lly, and the rock is now yellowish-whit^ granite 
much decompos<Ml. The granite is t« »itUy and the northern slope is here co verted with 
disintegrateci fragments. Farther up the mountain and toward the south is compact 
yellow gi'anite containing chiefly glossy quartz and black mica. To the south the two 
low buttes that outcrop just east of the northern peak are formed of granular bluish- 
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gray diorite, containing a little mica. The peak itself, or Silver Mountain proper, con- 
sistH of ajray diorite por^diyry with a bluish-gray matrix, in which many crystals of 
white pTagioclase are imbedded. Just beneath the peak and on the northwestern 
spur considerable masses of yellowish-white trachyte are found. A narrow spur nin» 
eaM> of Silver Mountain, which is composed of blue diorite porphyry for about a quar- 
ter of a mile, then diorite, stained red on account of oxidation of the iron, and finally 
volcanic breccia forms the end of the spnr. On the eastern side of the mountain^ about 
midway betwe^'u the two peaks, occur first volcanic bivccia of a brownish color; then 
gray hornblende norphyry, which constitutes the maas of two large crags lying directly 
north of the soutn peak. The main south peak of Silver Mountain, or Highland Peak 
as it may be called, is made up of grayish trachyte with much disseminated horn- 
blende. Jnst north of the i)eaK there are several sharp buttes of porphyritic diorite, 
having large rectangular crj'stals of feldspar; then comes a large mass of trachyte 
decomposed in some places as far as the lowest part of the connecting ridge. The lower 
part of Highland Peak is composed of ferruginous volcanic breccia, often stained dark 
re<l. A large spur of volcanic oreccia extends to the eastwanl from the southeni peak. 

A brief reference to the topography of the mountain may be made here. The ridgo 
is ]>erhai>8 thr<*e miles long, and has a seri^entine course. The southernmost spur 
is north and south. The main mountain mass now trends northeast and southwest; 
there are several small ridges that run east and west. lYom this place the main 
ridge stretches northeast and southwest again, and finally extends north, with pro- 
jecting crags here and there, till the steep wall of Silver Creek CaJlon is reached. 
The western side of the mountain is steeper than the eastern, aiwl the general trend is 
north and south. The nucleus is gray granite, as I ascertained by entering the tunnel 
of the Mountain Gold and Silver Mining Com])auy, at the bottom of the ])eak on the 
north side. This side of Silver Peak is a break in the broad plateau before mentioned. 
Whitish trachyte porphyr>% having a slaty structure, occurs in a ravine on the northern 
slope of the mountain, lint the rock is chiefiy basalt on this side. 

Ltedges of auriferous quartzite outcrop on the extreme northern edge of the mount- 
ain, and one of these has been worked to some extent by the Mountain Gold and Silver 
Mining Company. Work on the claim was begun in 1H()3, and continiuul till 1869, 
since which time only enough labor has been expended annually to enable the owners 
to hold the property. There is another tunnel, about 3(X) feet long and l,fK)0 ft^et above 
the valley. The highest croppings are about 1,200 feet above the lower tunnel. It 
would have been Iwtter to have sunk a shaft on the ledge instead of driving a tunnel 
at the bottom of the cafion wall in hopes of tapping the vein. A gn*at deal of money 
has l>een spent throughout Alpine County in boring tunnels, and there is reason to 
Wlieve that if this amount ha<l been exjiended in sinking shafts the mines of the 
country would now be iii a more prosjierous condition. Hani blue basalt occurs for 
about 500 feet from the entrance of the mine tunnel, the rock then passing into gray 
granite, which extends as far as the heading. 

The principal lateral cafions extending from Silver Creek are Pennsylvania and 
Scan<iinavian Cafions. In the former there are a few partially-develop«^l mines which 
I did not visit. In the latter the rock is bhie diorite and diorite porphyry, passing oc- 
casionally into fine-grained feldspar porphyry. These rocks extend to the head of the 
cafion. Here are the well-known I X L and Exchequer Miiu>s. The north side of the 
cailon of Silver Creek is chiefly diorite, although a mass of white trachyte occurs just 
below Silver Mountain City, and volcanic breccia is seen near the Exchequer Mill. 
Farther down Silver Creek a great variety of rocks were obser\'ed. Where the creek 
crosses the road on the south side of the cafion there an> many pillars of basalt, l>oth 
horizontal and curved. Then occurs volcanic breccia of a dark color oa both sides of 
the cafion for about 2 miles, and farther on a whitish-yellow trachyte. Beyond the 
Carson River diorite and dif>rite porphyry, generally blue in color, outcrop again. Leav- 
ing Bullion and following the toll-road we nave blue basalt as far as the bridge ; thence 
there is no rock in situ for about a mile. 

J iwt beyond Markleeville volcanic breccia occurs and extends for about 5 miles on 
both sides of the road. About 2 miles west of the town gray granite outcrops and 
stretches back to the line of the Sierra Nevada. Gray and bluish-gray diorite then 
appear and continue as far as the alluvial plain of Diamond Valley. There are a few 
low Imttes of liasaltic rocks on the north side of this valley which separate it from the 
alluvial plain of Carson Valley. From Thompson's ranch the rock is diorite and diorite 
porphyry for a mile and a half to the eastward, then quartzite ledges ontcrop and ex- 
tend fUi far as the main Carson River, and even to a short distance oil the east side of it. 
Diorite now appears having a ])oiiihyritic texture, varies in color from light blue to 
gray, and stretches southeast to within a mile of Double Springs. Near these springs 
there is a flat grassy jiatch marking the bottom of an ancient lake, and surrounded on 
all sidea by mountains couqiosed of igneous rocks. The line of oiur route now runs 
into Nevada for a few miles. 

An alluvial plain covered with sage-brush and with rolling hills of basalt on either 
side extends from Double Sx)rings, past the Mountain House on the Aurora road, to the 
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edge of Antelope Valley. Going Houthward there is an outcrop of blue mica slate at 
the State line. Crags of this rock occnr west of the road on the hill-side, but it soon 
graduates into bluish feldspar i)or})hyr^'. Mica slate, from dark blue to brown in color, 
then appears. Leaving the ravine and having reached the flat the oliserver sees no 
rock in ntu for several miles, but on the west there are diorite and light-gray granite 
toward Slingert's Valley. The ridge bounding this valley on the ejist has a serrated 
outline, and is partly granite and partially basaltic. The southern end as well as the 
g^reater portion of the crest-line is gray granite. The ridge is flanked on the north wcKt 
side by ferruginous basalt, and its northern part is chiefly volcanic breccia. Blingert h 
Valley, about a mile wide and perhaps 6 miles long, is covered in great part by sago- 
brush, but the eastern side contains good graws in the upper portion. no\d cragn of 
blue mica slate crop out on the western side of the head of the valley, and the rock 
contains so much wuite quartz as to give it the appearance of a compact quartzite at 
first siffht. Diorite also occurs on this ridge. 

On the eastern side of the road leading out of Slingcrt's Valley there is a blue diorite 
with much disseminated olivine. On the summit of the divide blue mica slate again 
appears,' and is, in fact, the continuation of the ledgesjust mentioned. The same rock 
Also forms the greater part of the next ridge on the southeast. There is an upheaval 
of brownish quartz porphyry south of the wagon-road that leads to Aiitelo]>e Valley, 
And still farther south is a small butte of light-blue basalt, while on the south and 
southeast there are outcrops of blue mica slate, and in one place the rock graduates 
into whitish quartz schist. Toward the village of Silver King, blue mica slate oc- 
curs for 1 mile from the summit of the road, where gray granite appears, and ex- 
tends as far as the junction of the forks of the Carson River. At Silver King a com- 
pact white quartzite occurs, and a mass of gray diorite on the eastern side of the east 
branch of the Carson River. Tlie ridge above it is formed of volcanic breccia on thw 
greater part of its summit and western slofe. The mountain south of the Junction of 
%e east fork with the main Carson River is com]K>sed of gray phonolite containing a 
little transparent feldspar. Grayish diorite, porous or compact, occurs on the east^'m 
and northern spurs, and volcanic breccia was seen on the eastern spurs. On top, the 
mountain is quite flat ; is very steep on the southern side, while it slopes gradually on 
the northern. Between this mountain mass and Silver Peak there is a narrow ridge, 
which consists of gray granite, and a low hill of basalt, varying in colorfrom light blue 
to dark blue with disseminated olivine, about one-half mile south of the junction of 
the east branch of the Carson River. It shows many long and narrow pillars, and the 
butte is one-eighth of a mile long, 200 yards across, and 50 f(M^t high. South from the 
" junction '^ is a deep ca&on of gray granite, in which the main Carson runs southward 
for 1 mile, then trends to the west. Tors and knobs of igneous rock were seen on 
the summit of the granitic ridge on the west, and a fine pyramid of gray granite pro- 
jects from the ca&on wall near the bend of the river. The next prominent iwint on the 
west is Wolf Creek Peak, described in the latter part of this re^Mirt. The ridge 
lying between the main Carson Cation and Fish Lake Valley is forme<l of gray and 
yellowish granite with occasional outcrojjs of igneous rocks on the summit. North 
from the junction there is good grazing land all tlie way to the head 4)f Bagley Valley. 
Gray granite occurs on the western, and light-blue diorite on the eastern side of this 
valley. The quartzite ledges that outcrop near the Carson River probably ext^^nd 
westward to Monitor. There are auriferous deposits at this place as well as at Mogul 
on the north. 

Blue basalt occurs at the eastern end of Monitor Calion, and blue feldspathic diorite 
extends through the rest of the caHon to the town. The gold-bearing quartzites that 
outcrop at Monitor continue northeastwanl to the ab«nd<«ie<l hamlet of Mogul. The 
rock varies in color from light brown to white, and is sometimes stained red. The 
Morning Star Mine, the most important in Mogul Cafion, was discovere<l in 18t.x^, 
worked till 1H69, and then abandoned. The ore occurs in white quartzite. 

Traveling towanl Slingert's Valley from this point, the observer sees first light-blue 
diorite porjihyry on the southeast ; then diorite for 1 mile, and then a few buttes of 
gray trachyte. This latter rock contains flakes of black mica and black hornblende, 
and is similar to that of the southern part of Silver Mountain. At an abandoned 
mine in Leviathan Canon, 6 miles northeast otV Monitor, native sulphur, chalcopyrite 
and malachit<' wen* seen. 

Mineral cropj)iiigs are found on the ri<lge bonlering Antelope Valley on the west in 
the vicinity of Coleville and the Napoleon Mine. Antelope Valley is bounded by the 
Sweetwater Mountains on the east and southeast, is about 15 miles long, lias a 
varying width, the broadest part being at the northern end, and contains many farms 
and dairy ran<'hes. A low ridge of igneous rocks forms the n<»rthem boundary, and the 
"West Walker River has cut a caHon through it in escaping to the plains of Nevada. 
The roclcs are mainly volcanic breccia and diorite ; but there are several low knolls 
of basalt on the northwest edge. The western boundary of the valley is formed of 
gray granite, as is the conspicuous wall of rock about 1 mile south of Coleville, like 
that throughout the Sierra Nevada. 
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Ou the southeast side of the road, near WutkinV ranch, soft decomposed light 
brownish j^anite occurs, containing blackish mica, white feldspar, and limpid quartz. 

In the Cimntry lying immediately west of Antelo]>e Valley, gray eranite ext-ends 
westwanl as far as the east liranch of the Carson River. Almnt a half mile south of 
Silver King there is an outcrop of gneiss containing mnch blackish mica, that in places 
almost passes into mica slate, l^p the ea«t branch of the Cai-son, in Fish Lake Valley, 
CTay giunite continues with tors and knots of ignecms rocks projecting from the ridges. 
Xoar the head of this valley I counted nine outcrojis of igneous rocks within a square 
mile. The ridge lying west of the head of the valley presents an interesting example 
of alternating granite and igneous rocks. The walls of the cation are very steep here, 
and the ridge-lines of gray granite are irregular in outline and present fine p^Tamid- 
shaped {>eaks. Occasionally the observer sees pei*]>endicular walls of gray granite on 
the sides of mountains cap))ed with basalt and diorite, and the lower part of the wall 
is frtvjuently covereil with tlie d^btis of the igneous rock. The mountain mass at the 
hea4l of Fish Lake Valley is principally diorite and basalt. In general, it may be stated 
that in this section of country*, as well as in other parts of the Sierra Nevada, the ridges 
are formed of gray granite on the lower part, while igneous rocks occur along the crest 
and oitentiines on the s]>urN. 

The summit of the peak just east of the main caflon of Fish Lake Valley is diorite, 
varyin^r from blue to dark brown in color. Below the peak the rock becomes vesicular, 
au4l bright red vesicular lava occurs along the ridge. There are many pools and springs 
of warm mineral water near the head of this valley, with a temperatui'e of 7I)° I* ., and 
tlie ground in the vicinity of the springs is covered with efflorescences of carbonate of 
Bt>da. The rock at the source of tlie east branch of the Carson River is mainly gray 
granite; gray diorite containing black crystals of hornblende occurs about 1 mile 
from the head of the stream ; and blue basalt is found near the divide. 

The divide between this river and Silver Creek is composed chiefly of g^avish-blne 
diorite, which also forms ]>art of the ridge lying on the east, and having a southeasterly 
direction. The opposite wall of the ca&on consists of grayish-blue diorite, containing 
small particles of olivine, and graduating into the vesicular texture. Red vesicular 
lava occurs in the southeivst si<le of the cafion lower down. Granite predominates for 
al>out 4 miles from the source of Silver Creek; then dark-red volcanic breccia appears. 
Some mineral croppings have been found near the creek ; and half a mile from it is the 
Arctic Mine, discovered in 1864 by Mr. Carr. Gray granite is the wall-rock, and there 
is a )Micket of ore from 4 to 6 feet wide, traced ftir a distance of 500 feet. Galenite, 
native silver pyrit«, blende, and quartz occur. The ore shows no trace of gold. 

TIIE 8WEETWATKR MOUNTAINS. 

Th**se mountains lie directly south and southeast of Antelojw Valley, and extend 
from it tc» the Big Meadows. A broad valley boun<ls the range on all sides. The main 
ridges run north and south. Considering" the altitude of these mountains they are 
very flat, the ridge lines bt>ing nearly level, and there are no high, shar^) peaks. The 
ridges are so gently undulating that a mule can be ridden to the top of the highest 
pealc. Tliest^ mountains lie in Mono County, and the Sonora road runs ahmg their 
H»utheni boundary. The range is chiefly granite, and contains nearly all the memWrs 
of the jrranitic family. Little igneous rock occiu*8 on the summit, but there is some 
in the ^>t-hi]ls. In general, one may say that the low ridges are igneous while the 
higher ones are granitic. Throughout the range the canons are generally V-shaped, 
and high ])Iateaux of consid**rable extent and dome-8hap«'d peaks are conmion. The 
st>ntheastern spurs c(msist purtlv of dark quartz iiorjdiyrv. The ])art of the mount- 
ains that bounils the Sonora roa<\ ou the north is described in the next chapter. 

Lc-aving this roa4l an<l tVdlowing up the first large cnnon on the north, Swanger^s 
C'reek, we find light-gray porous trai'hyte, consisting of trans])arent plagioclase, and 
hexagonal crystals of brown mica diaseminatc'd thitnigh it. The cafion runs north for 
half a mile, then trends to the east for a quarter of a mile, and finally rt>sum<^ its 
northerly course Farthrr ui» the cafuui and on both sides there are outcrops of 
i\hite and grayish-white tra<'hyte, with flakes of black mica and grayish -whit^' plagio- 
rlase. Just l)efon^.the cafion turns to the northeast dark-purple basalt with white 
particles of orthodast* occurs. This outcrop is on the spur of a ridge composted of 
dark-color»»d quartz por|»hyry. Beyond the ImmkI, a fan-shai)ed mass of white trachyte. 
Th«» low ridge northwest of Swanger's Creek is gray granite to within 400 feet of the 
top, above which there are a few crags of reddish volcanic breccia, and the summit is 
blackish-brown quartz porphyry. This is a very peculiar rock, and contains nodules 
of black flint and particles of transparent sanidiue. Grayish and whitish trachyte 
occurs ou the northern, eastern, and western sides of the grassy flat at the forks of 
Swanger's Creek. I'p the cafion of the westc'm fork we have gray syenitic granite on 
the north side for a mile and a half. The peak west of the main ridge of the SwcMJt- 
water is grayish-white syenitic granite cftntaining transparent plagioclase, white 
qnartz, black hornblende, and ver>' little black mica. Often hornblende is wanting, 
and in places the feldspar is present in such small quantities that the rock almost passes 
into a qnartzite. Streaks of olivine are scattered through the granite. 
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The highest ridge iu this range is nearly level, and withont vegetation. The east- 
em part contains more igneous rock than the western, which is chiefly granite and 
Focks of the granitic group. Diorito porjihyiy, mnch like that of the 1 X L Mine, 
near Silver Mountain City, is found on the main-ridge line iu small tors. The princi- 
pal part of the higher ridges iu the Sweetwater Mountains consists of grayish-white 
and white gi-anite, which successively passt^s into granulite, feldspar pori>hyTy, and 
ciuartzite. The nick directly ejist of Sweetwater Peak is white qnartzit<?, that grad- 
uates into a dark, decomposed cpiartzite, wliich is ferru^nous. There is an outcrop 
of bluish diorite, sometimes porphj-ritic, about a half unle long on the highest ridge. 
Hexagonal jirisms of dear quartz are found near the highest x>^Ak. A few clusteui of 
these crystals were observed in the quart zite, and in one of them the prisms are 2^ 
inches in length. Drusy quartz is found on Monument Peak, which is about 2 miles 
southeast of Sweetwater and a few feet lower. The rock of this peak is yellowish- 
brown quartzite, which contains a few minute particles of plagiocla^ie. Near Monu- 
ment Peak then^ is a knoll of slightly poq)hyritic gray diorite, which soon passes into 
dark and light red feldspar jwrjUiyry. A short distance to the west two flat dome* of 
red trachyte occur. A large, elevated plateau lies west of the main ridge, on which 
may be seen a solid tor of white quartzite, a small ledge of grayish-yellow fehUipar 
porphyry, and a knoll of bluish granite, similar in appearance to the famous Quincy 
granite so much used as a building-stone in the Eastern States. The rock at the heafi 
of Peavine Creek is gray granite. Going eastward, the first knoll is whit€ feldspar 
pori>hyrv', wliich in places passett into a quartzite. Near by (K*curs a butte of dark 
brownish-red feldspar porphyry with white particles of plagioclase. Northward, along 
the main ridge, and toward the highest northern peat, we have, successively, white 
quartzite, white feldsiiar porphyry, and white granulite often tinged with ytdlow. 
The northern and highest peak is'white compact granulite. On the summit of this 
main ridge, for a quarter of a mile to the southward, there are several outcrops of 
diorite porphyry. A little further south there is a rock composed of light blue quartz 
and black specks of hornblende ; then reddish trachj'te, containing hexagonal crystals 
of black mica, occurs. The rock is somewhat porous. To the west of this outcrop 
there are two more knolls of re<ldish trachyte, in one of which the rock is streaked, 
and graduates into red feldspar porphyr>'. ' Light-blue granite occurs near by. The 
rock on the east side of the caSion of Peavine Creek is chiefly granulite, and consists 
of limpid fiuartz and white feldspar. 

The northwesteni part of the Sweetwater Range is all gray syenitic granite, being 
composed of l>lack hornblende, limpid quartz, black mica, and white feldspar. Tors of 
this rock j»roject on all sides of the cations, often much disintegrated, and in places the 
walls of the cafion are covered with fragments of it. These mountains slope very 

fra<lually towanl Anteh)pe Valley reckoning from the cafion of Desert Creek, The 
rst ridge north is quite tlat on top. 

One mile east of the grassy patch on the bank of Peavine Cn^ek there is a pyram- 
idal mountain, composed mainly of a very jieculiar porphyritic granite, consisting of 
white feldspar, reddish (piartz, and particles of black mica. Occasionally the rock 
has a banded structure, layers of white feldspar and dark-reddish quartz occurring side 
by side. Towanl the base of the mountain on the west side dikes of blue basalt occur. 
This is the first large mountain mass west of Sweetwater Peak. A spur of basalt 
projects into the caQon that lies partially between these peaks; there are several 
other outcrops of bsisalt, generally of a blue color, in the immediate neighborhood. 
Down Peavine Creek whitish granite occnra on the east side, and beyond that volcanic 
breccia, which forms a mesa. Then, near the artificial pond, there is a butte of dark- 
brown syenitic porphyry, consisting of black mica, wiiite feldspar, and black horn- 
blende. 

Just east of the hea<l of Desert Creek light blue granite outcrops, composed of 
bluish-gray, which is the predominating constituent, black crags of mica, and trans- 
parent plagioclase. This rock resembles the grayish diorite found in many parts of 
the Sierra Nevada. At the mouth of a tributary of Desert Creek, perhaps 3 miles from 
its source, whitish feldspar porphyry, with many crystals of transparent plagioclase, 
occurs. On the hill lying on the opposite side of the creek there is an outcrop of 
whitish granite consisting of white quartz, transparent plagioclase, and a few parti- 
cles of black mica. Following up this branch creek for half a mile, the stream trends 
to the south, and a large mass of blue felds])athic basalt,containing particles of olivine, 
occurs on the went side of the canon. One mile farther the creek again flows along 
an east and west line, and a mass of white siliceous conglomerate outcrops. The 
j>ebbles are small, and there are many grains of white (juartz in the matrix. About 
one-third of a mile away, on the opposite side of the valley, there is a low ridge of 
bluish granular diorite, and at 300 yards to the north another butte of compact blue 
diorite. Running parallel with it, and about 200 yards to the eastward, is still another 
low ridge of blue fehbipathic basalt. The creek that rises on the northern slope of 
Sweetwater Peak breaks through both of these ridges and forms a caHon. Going north 
from this point, the first mountain mass is made up of pinkish granite, containing 
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li«{ht red quartz, yellowish-white decomposed feldspar, and a few flakes of mica. The 
riK*k is at times streaked, as iu the peak on the east side of Peaviiie Creek, and occa- 
Hionally it almost graduates into a feldspar por^th^-ry. On the northeast side of this 
long undulating ridge, the rock is grayish-white granite, with black flakes of mica, white 
quartz, and transparent plagioclase. Feldspar pori)hyry of a li^ht color occurs on 
the eastern slox)e of this same ridge. A valley ahout a quarter ot a mile broad, and 
containing a few ponds and marshy ground, together with several acres of pasturage, 
lies east of the ridge just described. Various kinds of rocks are fimnd on the mount- 
ain lying northeast of this valley — bluish volcanic breccia, finer grained than that of 
the sierra Nevada usually is; a few yards east gray feldspar poii)hyry, with rather 
large patches of white feldspar; on the southern slope of the peak, near the summit, 
hght-bpown feldspar porphyry. The top of the highest northern peak of the Sweet- 
wat-er consista of whitish granite, which has a slaty structure, and consists chiefly of 
whitft qnartz and glassy feldspar with some black mica. There is a high and rather 
flat plateau on the north side of this mountain t-oward Desert Creek. The southern 
slo(>es of the peak are mainly grayish- white granite. On a low and sharp ridge just 
we^t of this peak pinkish feldspar porphyry outcrops ; then a grayish-whit« granite 
appears, which has so little mica in it that it may almost be called a quartz porphyry. 
There, are small cavities in the rock lined with minute crystals of quartz. Banded 
and jaaxiery quartz occur just west of the peak. 

Returning to Desert Creek, grayish-white granulite occurs on the western side of the 
cafion. Down the cation there is no rock in situ for 2 or 3 miles ; then gray syenitic gran- 
ite occiUB on the western side of the crt^k. Farther on syenite of a grayish color out- 
crops on both sides. In fact. Desert Creek has cut its way through two large ledges of 
hvenite. Following down the creek, at the distance of a half mile^ we have whitish 
granulit^e and grayish-white granite, containing transparent plagioclase and white 
quartz. The outcrop of granite is a quarter of a mile long, succeeded by red volcanic 
breccia and bluish diorite a half-mile farther. The caflon is now V-shaped, and pine- 
nut trees are abimdant on the sides. The creek runs northwest for several miles, then 
trends west for half a mile, and finally flows northward, cutting through a ledge bear- 
ing east and west. Beyond this point light blue diorite occurs on the west side of the 
cafion. Volcanic breccia is seen along the eastern wall for at least one mile. This 
rock ia at first light colored, inclining to pinkish gray in places, then it changes to a 
dark color and assumes a very coarse texture, the bowlders being sometimes 3 by 4 
fe«»t<. The ridge south of Desert Cre<}k, which embraces the highest peak in the ex- 
treme northeastern part of the Sweetwater Mountains, is undulating and consists of 
i«<»ver»l «q>eci(^ of rock. The peak itself slants quite rapidly on the northern and 
northwestern sides, and is composetl of pinkish trachyte having a porphyritic t^ixture. 
A few feet below the summit there is a considerable outcrop of blackish volcanic 
bivecia ; a wall of reddish brecciated volcanic scoria occurs aliout 200 feet lower, and 
dark blue basalt containing olivine lies below this. The slopes of this peak are cov- 
ered with much ddbris of rod basalt and volcanic breccia. The ridge lying east of the 
lower portion of Desert Creek is essentially igneous and trends north and south. The 
eastern part, west of Desert Creek, is dionte and volcanic breccia. This flat and 
Ki'antily timbered ridge lies between Antelox)e Valley and the caflon of Desert Creek. 
The extreme northwestern ridge of the Sweetwat-t^r Mountains is a long and nearly 
flat plat^'au, which on the northern side descends abruptly to the plain. 

Returning to the creek and traveling northward one finds volcanic breccia on both 
sides of the cafion ; but a short distance farther down blackish basalt outcrops on the 
western wall, and directly opposite there is a large mass of grayish-green diorite. 
The cafion now gradually widens and the plain is soon reached. Here the creek con- 
tinues in a northerly course and emptier into the East Walker River. A few undevel- 
oped mineral croppings are found on the extreme northern spurs of the Sweetwater 
Mountains, about 2 miles from Matthew^s ranch. A little work has been done, and 
the ore found is gold quartz. A large sage-brush plain lies on the northeast side of 
these mountains. This was the eastern boundary of our area. Gray volcanic breccia 
<K*cur8 on the northern side of the small canon of West Walker River, between Wel- 
lington's and the head of Antelope Valley, and grayish diorite is touud on the south 
side of this river. 

On the west-em part of the Sweetwater Mountains the northern part of the West 
Walker River Cafion is dark gray granite, but the rock soon changes to light gray, 
and 2 miles farther south becomes nearly white. Four miles from the mouth of the 
caQon large massea of compact blue diorite occur on the western side. Farther on 
many tors and ledges of gray granite appear on Ijoth sides ; and continuing southwanl 
hold and extensive outcrops of igneous rocks are seen on the eastern wall of the cafion 
which reach nearly to the summit of the ridges lying to the eastward. 

THE REGION NEAR BRIDGEPORT. 

Hot springs occur in a small plateau one mile east of this town, which is in the 
sontheast comer of the area examined. There are about thirty wells, with an average 
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PLACERVILLE AND GEORGETOWN, IN EL DORADO COUNTY. 

At Hazel Valley, in this county, blue quartzose mica slate occurs on tlie road to 
Pleasant Valley. " Gray sandstone outcrops near Sley Park, and is the westernmost 
occurrence of sedimentary rock observed in the foot-hills. Two miles ea«t of Pleasant 
Valley blue mica slate is seen ; but the rocks just mentioned are not very common 
in the western foot-hills, which consist largely of grauite with many outcrops of vol- 
canic breccia. There are several abandonea placer diggings in the vicinity of Pleasant 
Valley, and others were seen along the road leading to Placerville. Blulfs of gray- 
ish-white sandstone, resembling that at Sley Park, outcrop one mile west of Pleasant 
Valley. A mesa about 300 feet iiigh runs northeast and southwest, and it« slopes are 
thickly covered with chaparral and whitethorn. Mica slate and chlorite schist occur 
in several places on the road from Pleasant Valley to Placerville. The foot-hills are 
now gently undulating and densely wooded, not only with conifers as on the lofty 
^erra, but also with decidnons trees. 

Placerville, formerly called Hangtown, is wwll known as the cradle of placer-min- 
ing in California. Biit the mines that were extensively worked twenty-five years ago 
Are now generally abandoned. StiU there is considerable mineral wealth in the neigh- 
boring hills. 

At the extensive placers in Coon Hollow, half a mile south of the town, seventy 
Chinese laborers were at work in the summer of 1877, The sluices are half a mile 
long, and there are two giants with 8-inch nozzles. The property is owned by the 
El Bora<lo Water Company. There are two other claims just south, one of whicn has 
four giants and the other two. 

Of the many quartz mines in the vicinity of Placerville the Saint Lawrence Mine, 
5 miles northwest of the town, is perhaps the most important, and has been worked 
i*ince 1868. The wall rock is talcose state and the gangne is quartz. The rock be- 
tween Placerville and the mine is chiefly talcose schist. Some Chinamen are mining 
At present at Chile Bar, in the bed of the south fork of the American River. 

The country through which the PlacerWlle road passes is underlaid by met amorphic 
schists and slates for several miles east of the town. At Shaw's Flat blue talcose 
schist occurs ; then for 8 or 10 miles there is no rock in situ. Just east of the tavern 
<*alled Sportsman's Retreat, gray granite containing much black mica occurs. £a^- 
ward the granite becomes dark gray and then bluish gray. Tlie road along the acrath- 
eru wall of the deep caQou of the South Fork of the American is cut in granite in 
which gi'ay veins occur, and a little farther east bluish gneissoid granite outcrops; 
then blue and gray granite alternate. Passing Pacific Station gray granite continues 
to MatiConnaha's.' The remainder of this route is described farther on. 

The geological formation of the foot-hills east of Georgetown is similar to that east, 
of Placerville. Gray granite occurs at Big Silver Creek: between this creek and 
Fomi's, gray mica slate extends for several miles, and volcanic breccia is found, not fjir 
fi'om the Pilot Creek reservoir. West from Forni's, for 3 miles, we have yellow and 
red sandstone, with much silvery mica, then beds of laminated shale tilted vertically, 
and finally ledges of sandstone traversed by veins of white quartz. 

Upon approaching Georgetown hard blue chlorite slate occurs. The town lies in a 
region entirely underlaid by metamoqjhic rocks, and, unlike most mining camps in 
California, is situated on a divide instead of in a cafion. There are many mines in the 
vicinity, but the principal ore deposit is at the Mameluke Hill. Pi-of. W^. P. Blakf* 
has des<Tibed this region in detail, and I cannot do better than to make an extract 
from his report : * 

** The alluvial deposit is 200 feet or more in thickness. ♦ • * The talcose* an<l 
argillaceous slates crop out along a ravine. The alluvial deposits rest on a basin-likf 
depression in the bed-rock, and the gold-bearing layer is at the bottom. In ord<»r t«» 
reach this tunnels are cut in from the side of the hill at such a distance below the snm- 
mit that the lowest part of the basin will be intersected. * * * The claim of the 
Mameluke Tunnel Company is opened by cutting oft' at least 300 feet in length throujjh 
the slates before the gold-bearing earth is reached. This forms a layer not over 2 iVn-t 
in thickness, and rests immediately ui»on the upturned edges of the slates. It is over- 
laid by a fii'm deposit of clay having a dull ash-color, and containing a largo amouut 
of volcanic ashes. » » * There is another mine on the Mameluke Hill owned by 
the Washington Tunnel Company. * * ♦ The slate of this vicinity appears to cou- 
tain many auriferous veins. * » • Talcose and clay slates are the prevailiug 
rocks and* present a low degree of metamorphism.'* 

Another important jdacer dejmsit is found at Crane's Gulch, and is known as White- 
side's Diggings. The rf»ck is talcose slate, and has been washed out in the form of an 
amphit heater 100 feet high and 150 yards across. Tunnels from 40 to 50 feet in length 
were bored in the hillside, and the rock was blasted out. The riffles in the bottom ot 
the gulch are 12 feet long. Many thousands of dollars have been taken oat of tlii^ 
claim. Ledges of auriferous quartz occur in the talcose slate along the roads in th» 

* Pacific Railroad Rejwrts, Vol. v. p. 272. 
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neighborhood of Gteorgeto\*Ti. Most of the gulches within 10 miles have been erten- 
sively ** wiished." A quartz mine, known as the Woodside, on the main street of 
Georgetown, was oj)ened in 1863, and worked at intervals until 1877, when it was 
ahaniloned. The country rock is talcose schist, and the ganguo quartz, generally 
white but sometimes bluish. The minerals are native gold and pyrite, the gold being 
nearly pure. Silver is found in traces. 

There is a vein of white fibrous asbestos, from 2 to 6 inches thick, 4 miles southeast 
of Georgetown. The lonff-fibered variety is worth #50 a ton, and the ordinary is val- 
aed at $35. Limonite is found a mile and a half southeast of Georgetown. 

I hjMl time to visit only two important placer-mining towns in the vicinity of George- 
town, viz, Greenwood and Spanish Dry Diggings. The former is about 5 miles west 
of Georgetown. The principal claim is the French or Nailer, which is owned by the 
California Water Company. Tlie country rock is 8eri»entme and talcose slate, wliich 




auriferous pyrite. Green asbestos occurs in seams in the serpentine. 

Other claims at the Spanish Dry Diggings are the Old Grit, the Rice and Taylor, 
and the Sligo. Respecting these placers, it may be remarked that the metamor})hic 
crystalline schists on the westeni slopes of the Sierra Nevada contain much native gold 
and auriferous pyrite. Our rapid marches through this section of California did not 
afiVird me the opportunity to examine in detail any of these deposits. There are hun- 
dreds of ledges, not only in our area but also throughout the western foot-hills, some 
very rich and jirotluctive. The water necessary to work all these claims is owned by 
rich companies with large capital. They have ditches and branches everywhere, and 
g«*nerally sell their water at the rate of *f 100 per week. 

At Vofcanoville, 8 miles north of Gt^orgetown, there is a large quartz veiu, which I 
did not visit, in one place said to be 8 feet thicK. Considerable masses of magnetite 
occar, M'ith bowlders of quartz, but not in aiiu, 

THE COUNTRY NORTH AND NORTHEAST OF GEORGETOWN. 

Leaving Georgetown, and following the road leading toward the Sierra Nevada, one 

seeA no rock in mtu for several miles ; then blue compact granite outcrops on a ridge 

near Forni's. After crossing a flat thickly covered with manzanita, and traveling over 

the trail toward the Little South Fork House, gray basalt, somewhat laminated and 

coiitaiuing olivine, is found within two miles or tlie house. The ridce along which the 

trail runs, the southern wall of the south branch of the middle fork of the American, 

coi)24ist8 chiefly of blue granite. At the Little South Fork House gray granite occurs, 

and extends eastward to the Sierra. Robb^s Moimt ain , about 2 miles south of this place, 

is a mass of dark blue compact granite. Its top is dome-shaped, and exhibits but little 

nwk in situ. A ridge of white quartzite about a quarter of a mile long occurs on the 

"«**t'stem side. Robb's Mountain is the only prominent point in the foot-hills between 

Georgetown and the Sierra Nevada. It is covered with a very thick growth of manza- 

ni fa and whit« thorn. There is but little timber except on the northeastern side, where 

we a«(cended the mountain. The divide forming the northern wall of the middle fork 

of tlie American River is covered with many bowlders of blue basalt which have been 

trjiiisport4?d from the main range. The ridge lying southwest of French Me allows 

eoii>»ists partly of grayish-white trachyte containing particles of transparent plagio- 

cla-^;. On the we8t<.'m part of the ridge talcose schist occurs. Several of the foot-hill 

riiljtc<*** itt the vicinity of the forks of the American River unite and form one main 

riil^e at various places in the west^ern part, of these foot-hills. The bottoms of the 

<l«-eii cafions are thickly covered with bowlders of gray granite from the Sierra. The 

luif l<lle fork of the American flows through a caflon cut in light brown talcose schist. 

At tlie suspension bridge, commonly calh^d the " Sheepherder's bridge," the cafion is 

•2,1^^} feet deep, according to the aneroid. As a general rule, very little rock occurs in 

triiH ou the plateau in which these deep cafions are forme<l. In surveying the foot-hills 

the I'Tork was more rapid, and hence less complete, than in the Sierra Nevada itself. 

THE MAIN RANGE OF THE SIERRA NEVADA, FROM THE BIO TREE ROAD NORTHWARD 

TO MOUNT JACKSON, IN NEVADA COUNTY, CALIFORNIA. 

Be^nning with the Big Tree road at the Calaveras grove, there is no rock tit »itu in 
the iiiiineiliat-e vicinity, nor along the road for 3 miles west. Gray diorite occurs 1 
aiile 4*a9t of the Big Trees^ then dark-^ay gneissoid granite, and a little farther on 
rlitrk-iJCray granite, containing black mica, wnit« feldspar, and limpid quartz. Bowl- 
ii«^rs of vcdcanic breccia are tound along the road 2 miles east of the Calaveras Grove. 
l\»>vard Blood's Station the granite contains but little mica, and dark and light ^ay 
^raiii t4^ occur alternately. The deep caQon of the North Fork of the Stanislaus River, 
ronue<l in gray granit^e, lies just south of the ridge on which the Big Tree road runs. 
^4 >j lifetimes the granito changes to syenite, and both these rocks extend to Blood's. 
><>iii^ «onth from this point toward Highland Creek many ledges of granite, polished 
13 WH 
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by glaciers, were obHerred. There is a granite basin in this yicinity bounded by tbe 
ridge north of the Big Tree road, by the Dardanelles, and by a ridge miming at right 
angles to them, lioches moutonnees are numerous in this basin, and I notioM one buttt? 
of Igneous rock not far from the reservoir, and a few small outcrops of bluish granite. 
The glacial scratches on these rocks run nearly east and west. 

The caHon of Highland Creek is quite narrow, and the walls are high and very un- 
even. Tliere is occasionally a little soil in the bottom, and one cattle-ranch (Gabbcrt's) 
is situated in the cafion. The land south of the creek rises in a series of terraces. 
About 1 mile from the creek is a high and steep wall of grav granite, and half a mile 
south of this, another still higher, known as the Dardanelles, because there is a pass 
through a notch in it. Light-pinkish trachyte, which is traversed by many joint*, 
occurs on the western end of the Dardanelles. This ridge consists partly of basalt and 
partly of volcanic breccia. About three-quarters of a mile south there is a thiid 
irregular line of blnffii. The pyramidal peak at the eastern end was christened Dar- 
danelles Peak. This last ridge runs east and west, except at the east-em end, when* it 
trends to the northeast. The lower part of the peak, as well as the greater part of the 
ridge just spoken of, is volcanic breccia. Blue basalt occurs half way up the raoimt- 
ain, and the peak is grayish basalt, has gray porphyritic diorite on the south, and a 
little farther south light-gray volcanic scoria occurs. In fact, it is almost a pumice- 
stone. Dark-red basalt also outcroi)s on this part of the ridge. Granular blue dolcr- 
ite is seen on the western slope of the peak. The north side of this ridge is very steep 
and rocky, while the south side sloj»e.s gradually, and is covered with soil and occa- 
sional clusters of conifers, until the wall of the grand Stanislaus CaSon is reached. 
The Dardanelles and the ridge containing the peaK have been upheaved through gray 
granite, and this rock outcrops in the valley lying between the two ridges. 

We have next to consider the porticm of Alpine County Iwtweeen Stanislaus Peak 
and Highland Lakes. For the most part- the rock at the head of the Mokelunme is 
granite, though much interrupted by volcanic breccia and bluish basalt. Both light 
and dark gray gneissoid granite occur near Highland Lake*. Gray diorite sometimes 
tinged with blue is found on the east side of the upper part of Mokelumne Cafion. 
and a ledge of blue basalt running north and south also occurs here. Tlie first ridge 
Ijinp east of the Sheep Flat, and bearing north and south, consists of gray trachj-fe 
having a pori)hyritic texture on account of particles of black hornblende. The nnk 
on the northern part of the summit of this ridge is light grjiy volcanic breccia. Thr 
ridge just south of Noble Cafion is gray diorite on the top and on the southern 
slope. Gray granite occurs in the valley. This rock is ferruginous, and in in places 
colored light-red and yellow. The same ridge also contains tors of trachyte as well 
as fiue-griiined light-gray volcanic breccia. 

Going southeast a thin layer of blue basalt, containing particles of olivine occurs 
on the Hununit of the first divide. This ridge now trends to the east, and thre<» t<u> 
of volcanic breccia about !^l feet high outcrop. Gray granite appears again in the val- 
ley on the south. 

The valley lying east of Highland Peak is igneous on this same side, and also as far 
as the eastern side of the Carson Cafion, where precipices of gray granite tn^cnr. The 
ridge immediately south of the peak consists of gray granite with volcanic breceia 
on top, and several of the neighboring ridges are forme<l of light and dark colored 
volcanic breccia, with occasional outcrops of granular diorite and feldspathic basalt. 
Light-blue and grayish diorite occur in the canon of Wolf Creek, the diorite on the 
east side having a slaty structure ; and near by is dark-colore<l diorite pori>hyrj\ 
containing many long crystals of hornblende. The ridge on the south consistH of blue 
as well as vesicular basalt, and higher up gray volcanic breccia occurs. On the eaj*t 
side of the summit the banalt has been weathered to a brown color. This ma«8 »*x- 
tends down for about 60 feet, when gray granite outcrt>i)s and continues to the Iwttoui 
of the caRon. The main fork of the Upper Carson nms through a magnificent cafum of 
gray granite. Leaving this stream and following up Golden Creek the same nwk 
continues almost to the hetMl. Gray volcanic breccia occurs on the northwestern bank 
of the upper part of the creek, beyond which is au outcn>p of pinkish-grav diorit**. 
Blue vesicular dolerite is seen at the head of the creek. The rock passes into blue 
basalt and gray diorite containing olivine, which forms the summit of the divide. 
This ridge is very narrow and trends nearly cjist and west. 

The northern and southern slopes are verj* steep, and the rock on the western edge 
of the ridge is laminated. The ridge lying south consists of gray granite. A curious 
butte of blue basalt in the form of a very perfect dome is seen on this mountain ma^^ 
The rock is much disintegrated and the base is covere<l with talus. The ridge of 
which Stanislaus Peak is the culminating point consists chiefly of gray granite, but 
the peak itself has two igneous buttes ; the northern one, gray trachyte containing 
hornblende; the southem, bluish gray diorite, and in one place red basaltic lava. 
The yoke connecting them is brown hornblende pori>hyry. The short ridge lying 
north of the northern peak consists of dark-gray vesicular basalt and bluish vesicular 
volcanic breccia. The height of Stanislaus Pekk is upward of 10,000 feet. Crystals 
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of feldspar 3 inches long and veins of white quartz occur in tlie granite forming the 
west<»m side of Carson Caflon. There is a line patch of grass in this cafion, about one 
mile below Gohlen Cafion, called Dumont's Meadow. Wolf Creek Peak lies west of it. 
This nionntain, the tirst east of Silver Mountain, consists of gray granite capped with 
a mass of light and dark colored volcanic breccia about a mile iii length, a striking 
j>ecnliarity of which is that it contains bowhlers of gray granite about 6 inches in 
diameter. Just above the level of the granite in thispeak is a small knoll of blue 
diorite porphyry full of crystals of black liomblende. The summit of the peak is a tor 
of blnisti-gray diorite, about 20 feet high, of columnar structure, and extendiag along 
the ridge for half a mile. The upper part of the Carson Ca&on is wry rocky. The 
wallH are ver>' steep, and the granite is traversed by numerous Ussures. The eastern 
wall is almost perpendicular tor nearly 2,00() feet, and the top is very irregular, the 
rock often projecting in the form of pinnacles. The western wall consists of many 
bench-like and dome-shaped masses of gray granite, with an occasional patch of soil 
which iK'ara a dense growth of conifers. Near the hea4 of the cafion then* is a large 
dome of gray granite aliont 500 feet broad, and the summit is perhaps 1,000 feet above 
the river. There are many immens** bowlders of granite between Bixl>y*s Camj) and 
the source of the river, and a few small outcrops of blue basalt in the bottom of the 
cafion, notably one about a mile south of Golden Cafion. On the northwestern side 
of Stanislaus Peak, and within a few rods of the source of the main Carscjn River, red 
basaltic lava occurs. Traces of glaciers are abundant in the cafion just mentioned. 

Amador and El Dorado Counties, the eastern part of Placer and the southeastern 
comer of Nevada Counties remain to be described. The survey of Aiuador County 
was confined to the eastern or non-metalliferous portion, which is quite narrow. The 
ore dejMisita in the vicinity of Jackson and Sutter Creek were not visited, and the 
country lying on the east and southeast has already been described. 

SILVER ERA PEAK. 

The first ridge south of this mountain is long and narrow, having a trend from east 
io west. The oase is gray granite, vrhich ])asses int<» syenite in one jdace. The sum- 
mit of the ridge is gently undulating, and consists of various igneous rocks. The rock 
of the highest portion varies in color fnun light gray to dark man)on, re^»mbleji clink- 
stone, and passes into feldspar porpliNTy on the west. Diorite and basalt also occur 
on this ridge, which is for the major part destitute of timl>er. The rock is much dis- 
integrated on the south side, about half way down to the valley. The North Fork of 
the Mokelumne River rises on the south side of Elephant Peak, in a magnificent cafion 
of g^ay granite with nearly perpendicular walls that trends east ana west at tirst., 
bnt soon turns to the southwest. The Blue Lakes, just southeast of Silver Era Peak, 
are in an alluvial basin surrounded by granite ridces, and are used as reservoirs in djy 
sc'asons by the Amador Ditch Company. The peak itself is a serrated mass of igneous 
rocks thrust through gray granite. This igneous part of the mountain is about a 
mile long, and rises from a platean on the north side for about 500 feet perpendicularly. 
The top of the peak consists of blue feldspathic diorite ; and hornblende porphyry, 
A%ith a grayish matrix, constitutes part of the rocky wall. The sdutheni side of the 
p4>ak is much steeper than the northern, being almost perpendicular for upward of 800 
feet. Jnst below the peak, on the north side, there are two ponds, of emerald-green 
water, abont 300 yards long and a quarter of a mile apart. North of these is a flat 
plateau of gray granite covered with a little soil and supporting a few dwarf conifers. 
S<»mewhat farther north a bntte of volcanic breccia, 150 feet high and 200 yards 
across, occurs. The northern and northweMem spurs of Silver Era Peak are for the 
most part gray granite, thou|^h bluish granite sometimes occurs. Glacial scratches 
were seen on the faces of granite on the northwest>em spurs, running on an east and 
west line, or toward the western foot-hills. Gray granite extends northward from the 
peak for 2 miles to the Amador road, where volVanic breccia and rwl trachyte out- 
crop, forming the outliers of Reil Mountain, already described. The country* east of 
Silver Era Peak is igneous, blue basalt and volcanic breccia being the principal rocks. 

The alluvial plain of Twin Lakes contains some excellent grazing land. The lake 
themselves are only three or four fathoms in depth. The mesa north of them consist 
of reddish volcanic breccia. Light gray trachyte with acicular crystals of greenish- 
black hornblende and dark gray diorite occur on the Amador road. Many roches 
mouUnifiies are seen west of Twin Lakes, near the road. About one mile north of this 
route an irre^ilar line of blufis, formea of volcanic breccia, and underlaid by yellow 
trachyte having a slaty stmcture, extends for a distance of two miles. The rock is 
much furrowed and sculptured by running water and rain. The wall of breccia is 
about jJ50 feift in height, and is prolonged to the eastward, forming a sort of amphi- 
theater. The summit of Round Top, which lies about three miles north of Caple's 
ranch, is blue diorite, containing white plagioclase, like the rock of Silver Era Peak. 
Many knolls and low ridges of gray granite are seen on the north side of the Amador 
road. Formerly a glacier had its rise on Elephant Mountain, and moved northwest- 
erly, filling the valley of the Amador road and escaping into the Sacramento Valley. 
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The surfaces of grauito are traversed by unmerous joints and finsiires fihd finely jjol- 
isbed; bnt it is very difficult to observe glacial scratcbes. 

From Twin Lakes westward gray and bluisb diorite alternate. Tbe blue granit« 
has many large specks of black mica. The southern wall of the caGon, along which 
the Amador road runs, is volcanic breccia for five or six miles. About four miles west 
of Caple's ranch the ca&on widens and grows much deeper. Tliere are many rock& 
moufonn^es in the bottom and on the northern side. Patches of soil occur here and 
there, with clusters of pines and spruces. The breccia mentioned is much enKh^l, 
and isolated piimacles and turrets project from the main mass. This cafion, contain- 
ing Airline Creek, is half a mile wide and at least 1^000 fe«t deep. The ridge l>onnd- 
ing this canon on. the north rises almost periiendicularly, and forms the southern 
boundary of the south fork of the American River. At the point where the Amador 
road leaves the cafion the walls become lower, and slope gradually to the west till they 
pass into the foot-hills. Gray granite now extends all the way to Silver Lake, inter- 
rupted only by occasional knots and tors of volcanic breccia and basaltic rocks aloog 
the ridges south of the Amador road. 

Silver Lake lies in a granitic basin about two miles long and half a mile broad. 
The volcanic breccia on the summit of the ridge east of the lake is eroded into fan- 
tastic shapes, so that it bears the name of Thimble Rocks. The southern wall of the 
lake consists of a series of rising benches and bosses of granite. A low ridge of the 
same rock cuts oft* part of Silver Lake, almost dividing it. The roail bej-ond this 
lake runs along the southern side of a ridge of gray granite which rises gradually 
toward the west. Tragedy Springs are in a gra«sy flat, about a quarter of a xiiiW 
wide, noted as a camping place for cattle-men. Grayish-black syenitic granite occurs* 
just north of the road, anil resembles that of Mokelumne Peak. There are two poncU 
about a mile south of the springs. A large, smooth face of rock, polishwl by glacial 
action, was seen on the northern side of tbis basin. There are several ridges of vol- 
canic breccia running east and west between the Amador road and Mokelumne Peak 
Granite bowlders are fomid in some of these hiUs, and they have evidently been left 
there by glaciers. 

Mokelumne Peak, situated on the north side of Mokelumne River, about nine miles 
south of Tragedj' Springs, is a large mass of gray granite, containing dark-<*olored 
gneissoid granite on the northern side of the snnmut. Leaving the many ledge.** of 
volcanic breccia, the benches of granite rise gradually in going toward the mountain. 
This peak is 9,467 feet above the sea-level. On the south side the peak is an almobt 
vertical wall 2,000 feet high and destitute of vegetation. T\\e country southward 
has been descrilx'd els«» where. Just north of Tragedy Springs there is .a cafion tn»nd- 
ing northwest ; at its head is volcanic breccia, aiul farther on are many rockea mon- 
Umn^'8 of grayish granite. The glacial striae nm nearly north and south. The 
observer soon loses sight of the course of this cafion as it passes into the densely 
wo«Kled foot-hills. 

Westward from Tragedy Springs one finds blwks of basalt and volcanic breccia 
scattered along the road to Corral Flats, five miles distant. On the old eraigraut 
road, towaiil Placerville, very little rock occurs in nitu; the country is covered with a 
denw* forest of conifers ; a ledge of volcanic breccia occurs here and there, while the 
underlying rock is gray granite until Hazel Valley is reached. There is no running 
water along this emigrant i*oute. The region between this locality and PlaceiA-ille has 
been described in this report. 

Passing u(»rthward over a gap not surveyed, till the Pla<ierville road is reached, gray 
granite is found at MacConahea's Station. Sugar Loaf Mountain, a conical mass o( 
the same rock, about 4(K) feet in height.^ lies half a mile east of the station, on the 
north side of tlie south fork of the American River. There are many large l>owlden% 
some from 30 to 40 feet square, in the cafion of this river. The granite occasionally 
pavHses into svcnite, and is traversed in jdaces by veins of whit« quartz. Gray granite 
extends all tlie way to Georgetown Junction, and thence to Sawyer's ranch at the base 
of Pyramid Peak, one of the highest mountains in the Western Summit. The greater 
part of this range was described in the annual report, for 1876, and in this place it is 
necessary to mention only a few localities in the western part. At the north is Bald 
Mountain, a prominent dome of gray granite, bare of vegetation, with an almost ver- 
tical surface on the western side. There is another rocky knoll near by. Both thes*' 
sui-faces of rock have been rounded by glacial action. Gray and bluish granito occur 
near TelPs ranch. A few small buttes of gray granite and an anticlinal knoll of blue 
basalt occur at this ranch, which is situated in a grassy fiat about four miles "wt^ of 
the lofty Sierra. 

In making the ascent of the nearest prominent peak, I found that the granito con- 
tained sjiots of bluish comjjact granite scattered through it as in other parts of the- 
Westcm Summit. This ridge is undulating, and there are many ledges with Rlc>p<> 
almost peri>endicular on tho west side. The eastern decli^aty is very steep, and fornix 
the western boundary of a vast granitic basin, about four miles long by one mile br<»ad. 
in which is a series of lakelets. There are many roches moutonn^ and occasionally a 
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little timber Ik this basin. No basalt was observed. North from TelVs ranch, toward 
Loon Lake, gray granite extends over the country, although two large outcrops of 
basalt occur at Pleasant Lake and at Grizzly Peak. The Rubicon flows throujjjh a 
deep and picturesque cafion, and miijfht be called the middle branch of the middle 
fork of the American River. A few places in the Wej^teni Sunmiit may be mentioned 
that were not described in the report of last year. Near the head of Si^uaw Valley, 
and about 2,000 feet above it, Fort Sumter, a luiob of gray diorite and volcanic breccia, 
rises about 75 feet. There are several other tors of i|nieons rock alon^ the crest of 
the Western Sunuuit. One, knoAvn as Buuker^s Kn<)b, has a pyramidal form aiul 
lies a mile or two northwest of Fort Sumter. Another outcrop in this vicinity is the 
'* Needle/' which consists of gray trachyte and is 150 feet above the ridge-line. I*rof. 
J. I). Whitney says: **Tlie volcanic formations are less extensively developed in El 
Dorado County than in Anmdor County, although there are still the remains of at 
least cme large flow of lava to be traced through the central part of this county." 
Pinkish-white trachyte occui-s near Berkeley Springs, where there are s<^veral wells 
<»f carbonic-acid water. On the west, the Forest Hill divide consists principally of 
volcanic breccia. It is densely wooded and has a ridge-line which is nearly horizon- 
tal, like most of the ridges on the western side of the Sierra Nevada. Southwest for 
\2 miles the rock is all blue basalt to French Meadows, where gray granite occurs 
again. Near this place, on a branch of the middle fork of the American River, some 
auriA'rons quartz is found, where a tunnel has been driven in gray granite a distance 
of 1^0 feet. 

On the Sierra Nevada there are several lakes in the immediate Wcinity of the sum- 
mit of the pass through which the Central Pacific Railroad runs, and there is an allu- 
\ial flat with a swamp and small ])ond just south of the railway station. Tliis pond was 
formerly usi'sd for obtaining ice. Two lakelets in granite basins wrre seen about half 
a mile north of Snnmiit Station. Gray granite extends as fiir as Castle Peak, six miles 
nctrth of the railroad. This peak, called likewise Mount Stanf<»rd, consists of volcanic 
]»reecia. The mountain mass riuis nearly east and west. On the ridge-line there are 
three tors about 100 feet high, of which the easternmost is the largest. The north and 
wiuth sides are very st«'ep. There is a line of rocky bluft's about 75 feet high, and the 
slopes of the mountain are covered with debris from them. 

Westward to Cisco and beyond, out of the area surveyed in 1877, gray granite con- 
tinues. Blue comi)act |^anite with a laminated structure occurs near the old town of 
Cisco and ledges of white quartz are seen in the granite along the wagon-n>ad.- 

There are many pot-holes and basins in the rock along the south fork of the Yuba 
River. There is a uome-shaped mountain half a mile southwest of Cisco, composed of 
dark gray syenite containing crystals of hornblende. Ledges of grayish-white <iuartz- 
ite occur on the north and east sides. The northwest side of the mountain is very 
steep, while it slopes gradually on the east. The summit of this peak consists of five 
rounded knobs, that on the northeast being the highest. There is a hvrge knoll of 
^ay syenite about half a mile south of this mountain, and bowlders of the character- 
istic gray granite of the Western Summit are frequent, evidently having been trans- 
j>orted by glaciers. Tliere are ten small lakes in the vicinity.* Blue basalt occurs 
near Cisco Station, and northward gray granite is the predominating rock as far as 
Meadow Lake, in Nevada County, but bluish volcanic breccia outcrops in a few places. 
The middle fork of the Yuba River flows through a narrow and verj- rough cafion of 
granite. 

The plain of the lake is hounded on the east by a granite ridge, lieyrnd which vol- 
canic breccia occurs. At Weber Lake the rock is basalt, which extends pcvcial miles 
to the northwest toward Mount Jackson, of which whitigh and grajish jirnnile make 
u]) the lower pait. The main mans inns nearly noith and south, and the \h ak consists 
of blue bai<alt with incrustations of olivine and black hornblende. The rock is much 
decf>inpo8ed on the summit, and detached crags of basalt rise rne abcive another. 
Basalt probably extends as far as Downieville Butte, which is a seiTatcd mass of 
whitish f rachyte. Mount Ja( k^ion is the extreme northern point in our area. This 
mountain is a mass of basalt upheaved through gray granite. Directly Bouth of the 
peak is a lake lying in a granitic basin about a mile in diameter, the walls of which 
are quite steep and prcFcnt fine cxamjiles of rochce movtcviKfis ; and tlure are Fcvcral 
other fonall laKes near the mountain. Going southward toward Meadow Lake femi- 
ginon.s qnartzose granite occurs on the west. At Red Mountain it is almost a quartz- 
ite. The pre deposits at Meadow Lake are generally found in a mass of basalt inclosed 
iu the country-rock, gray granite. 
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Appendix 1 1. 

report on the uthology and mineralogy of portions of nevada and cau- 

fornia, by a. r. conkling, field season of 1877, 

New York City, March 21, 1878. 

Sir: I have the honor to Hubmit herewith a special report on the lithology and min- 
eralogy of the area explored in 1877. The materials of this brief chapter can be morv 
readily embodied under a separate heading than in the text of the geological report. 

Next to granite the most common rocks are diorite and basalt. Their color is gfii- 
erally bluish and grayish. The basalts appear to be feldspar basalts. No leucite iior 
nepheline is visible to the naked eye in these rocks. It is interesting to notice how- 
one igneous rock graduates into another on the summit of a ridge surrounded by ^n- 
ite. Sometimes tiie observer may find no less than six kinds of igneous rocks withiu 
a quarter of a s(|uare mile. 

The peculiar kind of igneous rock which I have called volcanic breccia next demaudo 
attention. 

As far as I know, this rock has never l)een minutely described in print. It is gener- 
ally dark red or slate-colored. In a few localities it is grayish. A great variety «f 
rocks form the constituents of the volcanic breccia. They are nsually igneous, al- 
though at one place in Alpine County granite bowlders occur in it. This rock has 
l.e.ni called "trachytic breccia" by Bowman in his Re])ort on the Georgetown Dividr. 

The paucity of crvstalline schists in the Sierra Nevatla is remarkable. Mokelunim* 
Peak is the single locality I know of where this kind of rock occurs. But talcos«- 
schist, mica slate, chlorite schist, &c., are abundant in the western foot-hiUs, esjMTi- 
ally between Sonora and Georgetown. What I have called granite in the geologital 
report is often syenite and syeiiitic granite. One of these rocks is continualfv pas^siiij; 
into the other, and it is impossible in a reconnaissance to trace the changes of texture. 

The Sweetwater Range oliei*s a good opportunity for the study of rocks belonging to 
the gi'anite group. Quartzite occurs in this range, although fine-grainwl granite is 
the i>redominating rock in it. The granite weathers readily, and the i>eakB and ri<lgf > 
have been worn smooth and roimdish without anv evidence of glacial action. The 
gray granite on the western side of the Sweetwater Range contains olivine. The lot\nl- 
ity is near the head of Swanger's Creek. It has already been stated in my geological 
report that sedimentary rocks do not outcrop in the Sierra, but there are a few pTact-s 
in the foot-hills in the extreme eastern and western portions of the area of 1877 when* 
they may be found. 

The following is a list of minerals occurring in the parts of California and Nevada 
surveyed in 1877: 

Xative gold. — Abundaut in the gulches and gravel-beds around Columbia, PlacervilU*, 
and (T(H)rgetown ; also in the quartz mines of Mono, Calavenis, and Alpine Counties. 
Localities specially deserving of mention are Silver Mountain, Bodie, and 8heep 
Ranch. 

Xative silver, — Sparingly at the Dunderberg and Napoleon Mines, in Mono County. 

Native sulphur. — ^At Leviathan Cafion, six mile« northeast of Monitor, in Alpine 
County. 

Graphite. — Abundant at a point about three miles east of MacTanahan's Bridge, in 
Onnsby County, Nevada. A vein of it occurs in a ravine behind the town of Genoa, 
in Douglas County, Nevada; also at Meadow Lake and in Hope Valley, California. 

Quartz. — At the mines of Alpine and Calaveras Counties ; at the Najioleon and Dun- 
derberg Mines, in Mono County, and at Meadow Lake. 

Cuprite. — Found sparijigly on the northwestern spurs of the Sweetwater Mountain». 

Magnetite. — A large vein' occurs at Volcanoville. in El Dorado County. •It is said 
that a bed of this mineral is found near the head or Antelope Valley. 

Melacanite. — At Monitor, Alpine County. 

Limovite. — Found at a jmint a mile and a half southeast of Georgetown. 

Argvntite. — At Monitor, Scandinavian CaFion, and nearMarkleeville, in AlpineCounty. 

Galena. — At Silver Mountain City, Hojm' Valley, Placer>'iUe, Sheep Ranch, in (^alav- 
eras County ; Confidence and Soulsby Mines, in Tuolumne County, and at Mcjulow 
Lake. 

Ituhij silver. — In the Scandinavian Cafion and nearMarkleeville; also at the Dunder- 
berg Sline, in Mono County. 

Pi/rrhotite. — In small quantities at Meadow Lake. 

Pfp-ite. — At Georgiftown, Simnish Dry Diggings, and Greenwood, in El Dorado 
County ; at Meadow Lake ; at the Soulsby Xline ; at the Napoleon and Dunderbers: 
Mines, and throughout Alpine and Calaveras Counties. 

Chalcopifrite. — At Meadow Lake, Placerville, Sheep Ranch Mines, in Calaveras 
County ; Soulsby Mnie, and Leviathan Cafion, in Alpine County. 
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Blende. — A^Silver Mountain City, Hope Valley, Meadow Lake, and the Soulsby Mine. 

Homhlende. — ^At Meadow Lake. 

Jfibesios, — A bod occurs four miles southeast of Georgetown. 

Calcite. — ^In the limestone of Calaveras County, at a point three miles east of the 
Carson River, in Ormsby County, Nevada ; inrrusting igneous rocks at the head of 
Pacific Valley, in Alpine County ; at the Warm Springs, on the Souora Road, in the 
form of calc tufa. 

jizurite, — On the northwestern spurs of the Sweetwater Mountains. 

Malachite, — In the Sweetwater Moimtaius ; Meadow Lake ; Monitor and Leviathan 
Cafion, in Alpine County. 

FosJril wood. — At Mameluke Hill, Georgetown. 

Of the above-mentioned minerals many occur abundantly. A few are very sparingly 
distribiite<l, and the majority are not fine specimens. 
Very respectfully, your obedient servant, 

Alfbed R. Coxklds'g. 

Lieut. G. M. Wheeler, 

Corps of EngineerBj in charge. 



Appendix J. 



preliminaby report on the ornithology of portions of california and nevada, 

by h. w. hen8haw, field sfjkson of 1877. 

United States Engineer Office, 
Geographical Surveys West of the IOOth Meridian, 

Washington^ I), C, June 1, 1878. 

Sir : A report upon the field-work has annually been required of me, which has been 
made to contain a more or less extended notice upon the zoology of the region visited, 
and in this have be^n iticludod in a general way the results of each field season in the 
department of ornithology. 

Ill view of the fact that the section selected for my work for the approaching season 
will, in a groat measure, be a continuation of the past summer's area, it lias been thought 
l>est to reserve the material for a report upon the binls gathered in 1877^ and to com- 
bine it with the results of 1878 into a single paper, instead of presenting it as two dis- 
tinct reports. 

The area entered during the past season by the party with which I was coimected 
has hitherto received very little attention at the hands of naturalists, and hence 
all facts pertaining to its animal life are of importance, even if they amount to no 
more than the actual fixing of points regarding distribution, &c., which were to bti 
assumed from our knowledge of the faunae of other and contiguous aivas. No new 
species of either birds or mammals were discovered, as indeed was hanlly to have been 
expected, but a number of items of value were ascertained regarding the range of 
species of either class. 

In this connection mention may be made of the occurrence along the eastern slope 
of the Varied Thrush ( Tardus nwvius). This is a West-coast species, the summer hal>- 
itat of which extends from the mouth of the Columbia River northward. 

From information obtained in 1876, I conjectured that the species would prove to 
be at least an occiisional visitor to the eastern slope of the Sierras, and this, I am now 
able to state, is an ascertained fact. It even passes the winter at the base of the 
mountains, and, as I recently learn, Mr. Pai'ker fomid it very abundant near Carson, 
Nev., frtmi January to April. The species thus includes in its area of winter distribu- 
tion much of the eastern slope as far to the south as Carson, and probably much below 
that point, but retires withsiirlng to the north. 

The White-crowned Sparrow (Zonotrichia leucophrys) was found breeding in several 
localities in the mountains of Eastern California, and its nest and eggs secured. This 
gives us a fact of much interest, as the summer habitat of this species was supposed 
to be limitt^d by a point far to the eastward. It seems probable that the mistaken 
idea of its restricted range has arisen by confounding with it the nearly allied but 
distinct species, the Z. gambeli intermedia. The latter appears not to breed in this 
region, but to retire to the northward. 

As of further interest, the well-known Bam Owl (Strix flammea), which, though a 
common species in much of California, has never been ascertained to extend its hab- 
itat into the sections east of the Sierras, was found at two localities in Eastern Cali- 
fornia, specimens being shot at Camp Bidwell, where it is not uncommon. 

The Northern Phalarope {Phalaropus hyperhoreus) is a boreal species, whose; presence 
in winter and fall is quite frequent on either coast, but which is rarely met with in the 
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interior. At Carson, Nev., it was fonnd to be niig^rating north in great numbera dur- 
ing the last of May, and a fine series of some 25 specimens was secured, rejire stinting 
the full nuptial driiss of the species, a condition of plumage quite rare in cabinets. 

Respecting mammals the fact of the occurrence east of the mountains of the lar«^e 
Gray Squirrel (Sciurut fo88or) is worthy of mention, this being snp]>08ed to be a strict-ly 
West-coast animal. Trowbridge^s Hare (Lepus trowbridgei), the most diminutive of our 
species, was found to be extremely numerous near Goose Lake, Northeastern Califoniia. 
Its discovery here has a peculiar interest from the fact that it has hitherto l>een 
reported only from the region west of the Sierra Range, where it has an extensive 
distribution, chiefiy coastwise, from Fort Crook to Cape Saint Lucas. The Spermopki- 
his heechetfi, the Ground Sqnirrel or "Gopher" of Califoruia, so much <lrea4ie4 from the 
great <lauiage it does to the crops, was found to be present all along the eastern slope 
from Carson, Nev., northward. It appears here in its typical condition of pelage, 
and shows no signs of intergradation with the Central Region form, S, (jrammumn^ of 
which it is a geographical variety. For some reascm or other, probably from climatic 
causes, it does not prevail in this region in anything like the multitudes that infest 
the coast districts of California, and hence the injury done by them passes compara- 
tively unnoticed. In certain districts, as about Eagle Lake, the Townsend's Gronud 
Squirrel (Speniwphihts richardsoni iownsendi) appears in a measure to replace* this si>ecies, 
and as the colonies of this snmll rodent are often very large thev occasionally inflict 
much damage to the vegetable and grain crop. From a point so far south this species 
is now for the first time reported. 

Some valuable facts pertaining to the distril)ution of the Batrachians, Serpents, and 
Fishes have resulttMl from a study of the collections, and these will be found mentioned 
in detail in the respective reports. 

The early date at which I was enabbnl to enter the field (May 12) afforded opjM»rtu- 
nity of studying the habits of the birds during the breeding season, by far the most 
interesting i»erio<l, and the one concerning which our knowledge of Western Hjiecies is 
the most limited; hence a very considerable amount of information concerning the 
nesting habits wjis gathered, and, when further increased by the experience of an 
additional season in the country immediately to the north, will, it is believed, con- 
tribute very materially to our knowledge i>ertaining thereto. 

The collection of birds, some 200 in number, was a comparatively small one, Tmt was 
made with special refi^rence to illustrating such of the species as are more or less pecu- 
liar to the region ; it also included many of the rarer forms, as well as new pluuiajces 
ctf other and comparatively well-known species ; hence it proves to be of considerable 
value. 

The early part of the time, from May 12 to June 6, was spent around Carson ; and 
here and in the neighborhood of Washoe Lake, including the results of a short trip to 
Pyramid Lake on the north, a large collection of nests and eggs was ma<le, comprising 
between 600 and 700 specimens. The remainder of the season, or until the first of Oc- 
tober, was occupied in connection with I^ieutenant Symon^s party in making the usual 
zoological collections in the region hetween Carson, Nevada, and Camp Warner, South- 
ern Oregon, a suunnarized list of which appears in your own report. 

It may be stated that the general facies of the avifauna of the region occnpied 
strongly resemhles that to the southward; and that the conclusions, stated in a provi^ms 
report, that the faunal relations of the eastern slope of the Sierras are with the Pacific 
Region proper, and that it is to be included as a part of it, were still further borne 
out, the dividing line between the Pacific and Middle Regions here, as farther south, 
falling at the base of the main chain of the Sierras. Several of the mammals collected 
which have always been considered as strictly belonging to the Pacific coast, further 
attest tlie close relation that exists between the eastern flank of the mountains and 
tlie Pacific Region. 

Tlie usual disposition of the specimens gathered has been made, such as have not 
been retained in the office for working np having been forwanled to the respective 
specialists for examination and report. 

A re)>ort uium the Batrachians and Re])tiles collected by the expedition during the 
succeasive seasons of 1875, 1«*7H, and 1877, by Dr. H. C. Yarrow and myself, a report 
upon the Fresh-water Fishes, covering results for the same pc'riod, by Prof. D. S. 
Jordan, with notes by myself, and a rejiort upon the Marine Fishes by Dr. Yarrow and 
myself, are apiiended. 

Very respectfully, your obedient servant, 

H. W. HEN8HAW. 

Lieut. Geo. M. Wheeler, 

Corps of EngineerSy in charge. 




■si 
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Appendix K. 

rkp >rt upoy the fishes collected during the years is75, is73, axd 1s77, in 
california and nevada, by prof. david 8. jordan and ii. w. hen'shaw. 

United States Engineer Office, 
Geographical Surveys West of the 100th Meridian, 

Washington^ D. C, June 30, 1878. 

Sir: The report, upon the fiflhen in vol. v, Zoology, of this Survey, contained an ac- 
count of the collections made during the years up to and including 1H74. Since that 
time more or less extensive collections in this department have been nuide in tin' seve- 
ral sections visited by the Survey. These, including the results of 1875, 1876, and 
trf77, fonu the basis of the present report-. The combined coUections, though not em- 
bracing a large number of species, have proved to be of nnnsnal interest, coming as 
they do from regions, of the ichthyology of which, our knowledge has been extremely 
limited. Besides adding many facta respecting the geographical distribution of spe- 
cies already recognized, two new species are contained in it, one a line trout (Salmo 
hevahaiH) from Lake Tahoe, and the other a sucker (Catostomns arajopus) of apparently 
extensive distribution in the waters of California and Nevada. 

A study of the large series of Western trout in the Smithsoni.in Institution, many of 
tliem obtained by this expedition, has resulted in the discovery of a very great range 
of purely individual variation in this family, and as a result many nominal species 
hitherto' admitted into onr lists have been relegated to the list of syntmyms. In the 
light of the facts ascertained concerning the distribution of many of the species, the 
theory assumed that most of the members of this family have a very restricted range 
and are peculiar to very limited areas is seen to be erroneous, the rule being exactly 
the reverse. Apropos of this, attention is called to the somewhat surprising fact of 
the discovery in the collection of specimens of the Salmo pleuriticns^ the Rio Grande 
tront, at a point as remote from its original locality as the Kern River in the Sierra 
Nevada. 

It may be stated that for the technical part- of this report Prof. D. S. Jordan is alone 
responsible, the not«s respecting the habits, &c., of the various spec^ies being con- 
tributed by myself. 

Very respectfully, your obedient servant, 

H. W. Henshaw. 

Lieut. Geo. M. Wheeler, 

Corps of Engineers, in charge. 



Family PETR03IYZ0XTID.E. 

. Genus LAMPETRA Grav. 
Lampetra, sp. incert. 

A larva of a small lamprey, about four inches long, not recognizable. 

Four distinct types are recognizable among the American lampreys, for which the 
names Petromyzon L. {marinus)j Scolecosoma Girard {argenteus Kirt.), Ammococtes Dn- 
m^ril {hranchialis ; nigpr), and Lampetra Gray (flurmiilis) (Entosphenus Gill and Ichthy- 
omtfzon Girard) may be retained. 

They may be briefly defined as follows : 

* Maxillary te^th two or three pointed cuspi, placed close together. 

a. Denial fins two, wide apart Pktromyzon. 

aa. Dorsal fin continnoos Scolbcoboua. 

** Maxillary tooth forming a transverse, crescent-shaped ridge, with a cusp at each end, and often a 
smaller one in the middle. 

b. Dorsal fin continuous Ammocostbs. 

bb. Dorsal fins two, separate Lampetba. 



No. 


Locality. 


Collector. 


Date. 
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G<MMM^ Ta1c4. Modoc County. Cal -..,,,... 


H. W . Henshaw 


Sept.— ,1877 
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Family CATOSTOMID^. 

Genus CAT0ST0MU8 Le Sueur. 

CATO8T0MU8 TAHOENSis Gill &, Jordan. 

(Plates land 2.) 

Lake Tahoe Sucker. 

186S— TntoatoniuB f;rnen>8iiM Cooper, CrouUe, Natural Wealth of California, p. 495 (not of Girard). 

Ig70— CntoHtoiuuH taihoenslM GUI, MSS. 

1878 — Catodtomna tahoeusifi Jordan, Bulletin IT. S. Nat. Mus. xii^ p. 173. 

This fine sucker was first collected by Dr. J. G. Cooiier in Lake Tahoe^ and identi- 
fied by liim with Catontoinus gefurosus of Girard. A comparison of specimens with 
Girani's deHcriiition showed Professor Gill some discrepancies. He therefore auj;- 
gested the provisional name in manuscript of Cato«tomiUf tahoensis. Later, Professor 
Cope ideutihed Girard*8 geiterosus with Catostomus fecundua Cope & Yarrow, and after- 
ward abandoned the identification. I have since examined Girard's original tyiwh, 
and have found that his Catostomus generostu is the fish since called Panto^tewi jarrovii 
by Profeasor Cope. 

Cato8tomu4t taJwenals may be thus characterized : Form subt«rete, elongate ; the great- 
est depth of body in front of dorsal, contained nearly 5 times in the total length 
(without caudal, as in all cases in this paper). Head ver>' long and pointed, couic, 
acuminate, its length contained 3f to 4 times in that of the head and body ; muzzle 
very long, forming nearly half the length of the heiul, overhanging the mouth ; mouth 
rather large; jaws without cartilaginous sheath; lips moderate, the upper pendent, 
with about three rown of smallish papilhe; lower lip moderately full, two-lobed, sim- 
ilarly papillose ; interorbital space nattish, 2f in head; eye quite small, nearly median, 
ratlier higli, S^ in head; fontanellu large, broiully open. 

Fins small, dorsal beginning just behind the middle of the body, rather higher than 
h>ng, itj4 rays 11 ; ventral rays 10 ; pectorals long ; caudal lunate, not much forked. 

Scales small, crowded and reduced forward, closely imbricated, more deeply imbedded 
than usual ; their number 12 — 83 to 86—15. 

Coloration very <lark ; scales everywhere dusted with fine dark specks ; even the 
belly is dusky ; fins all dark. This spt'cies is most nearly related to C longirotftris, Imt 
it may be known at once bv tlu* large head and the much larger scales. Its coloration 
and squamation distinguish it at Hight from all our other species. 

The types of tlie [»resent descrii»ti<m were obtained by Mr. Henshaw in Lake Tahm*. 
The larger is 14 inches lon|^, and the smaller 12. 

This sucker is abundant in certain portions of Lake Tahoe, especially ai the moutli 
of the Truckee River as it enters the lake. The specimens collected by no means re]»- 
resent the extreme (»f size attained by this fish, they sometimes being found two feet 
and upward in length. The suckers ii'equent the little bays and inlets, and in summer 
run up the streams to spawn. 



Xo. I Locality. ' Collector. I>at«. 



44 



Lake Tiihoe. California ' U. W. Henshaw . 1K7« 

Eagle Lake, California (probably) do , ,11577 



Catostomcs AKiEOPUS, 8p. nov. 

(Plate 2.) 

This species, like CatostonuM discobohm Cope, is nearly intermediate between Calo- 
stomiui and Pantoateus, General form of CatoHiomna teres j elongate, fusiform, subteivte, 
compressed behind, the greatest depth in front of the dorsal, 4^ in length. Head com- 
paratively small, conical, 4| in length. 

Mouth (juite large, with full, thicdc lips ; both jaws with cartilaginous sheaths, as in 
the species of PantoHtens^ but weaker than in that genus. Lips very full, the npi>er 
wide and pendent, with about six rows of very strong papilla). Lower lip two-lobed. 
Interorbital space rather wide, convex, its witlth 2^ in length of head. Eye rather 
small, elevated, posterior. Fontanelle short and narrow, much restricted, although 
rather larger than in C. d'utvoboluH. In young specimens, the fontanelle is more o|>en. 

Fins moderate ; dorsal fin beginning midway of body ; dorsal rays usually 10, the 
fin higher than long; anal barely reaching caudd; pectorals well develoj»ed, but 
falling far short of veutrals ; ventrals 10-rayed, nut reaching nearly to vent. Scales 



07 

I— I 




5 

o 
Pi 

CJ 



en 12 
aO 

■-' ^ 

w 
a 






S 

s 

o 





a 




^2 



GEOGRAPHICAL SURVEYS WEST OF THE lOOTH MERIDIAN. 189 

small, crowded forward, as uBual in CatoatomuSj larger ou caudal peduucle ; tlieli* num« 
ber 10 or 9—70—8. 

Coloratiou dark; belly pale; the scales all with tine, dark puuctulathmH ; head 
dark. This sjiecies bears much the same relation to C. teres that C discoholun does to 
C, lonffiroatrig. 

The type-flx>ecimens of C arceopus were collected by Mr. Heuahaw in the South Fork 
of Kern River in California. They are respectively 13 and 9 inches in length. Other 
young specimens were taken in Carson River, Nevada. 

i 

No. ' Locality. 



17107 South Fork of the Kem River, California H. W. Heuahaw 

17103 Carson Biver, Nevada do 

The relations of C tahoensU and C. ariBopus to the other species of this most difficult 
^enns may be shown by the following anal^'sis of the species known to me. The genus 
IS divisible into three subgenera. 

* Scales moderate, not crowded anteriorly, nearly eqaal over the body, 48 to 55 in the lateral line, 12 to 

15 in a transverse series fit)m the dorsal to the veutials; head flattened above, 
transversely concave between the orbits, the fiiiutal bone thick, broad, ana 
short, the physiognomy therefore peculiar ; ventral rays normally 9 ; upi>cr lip 
very thick, strongly papillose, with a broad, free margin, which has 8 to 10 
series of jtapillo} upon it ; lower ).ip greatly developed, strongly papillos<s in- 
cised behind, but less so than in the other sub>{enera; funtanelle compara- 
tively short and smaU, although not narrowed ; pectoral fins unusually large. 

(Subgenus fTypentelium Raflnesque. ) 
a. Depth 4^ to 5 in length ; head 4 to 4^ ; eve rather small, 4| to 5 in head : color olivaceous ; sides with 

brassy luster; lielly white; back brown, with several dark cross-blotches 
irregularly arranged, these becoming obsolete in old individuals ; lower fins 

dullred, with some dusky shading : slae large nigricans. 

y. Dorsal with 11 developed rays ; scales 7 — 5*0 — 5 ; h($ad rather Targe, 4 to 4^ in length ; pectoral 

fins rather longer: colors relatively dull; no distinct whitish stripes along 

the rows of scales. — ^Habitat, New York to the Plains var. nigricans* 

yy. Dorsal with 10 develojied rays; scales 6—48 — 5: head rather shorter, 4Jr in length; pectoral 

fins rather shorter: colors brignter, blackish above ; belly abruptly white ; a 
pale spot on the base of each st^e, these forming conspicuous whitish streaks 

along the rows of scales. — Habitat, Alabama Basin var. eU>wanu9.\ 

** Scales small, reduced, and more or less crowded anteriorly, 58 to 72 in the lateral line, and about 20 t4i 

25 in a transverse series from the ventrols to the dorsal ; snout moderate or 

rather short (Subgenus JJeeadactyhu Baflnesque.) 

t Upper lip comparatively thin, with but few (2 or 3) rows of papillee. 
a. Dorsal fin with but 10 or 11 developed rays ; scales but Uttle reduced in size forward. 
h. Body moderately stout ; depth 4| in length ; head very small and short-, about 5 in length ; 

eye moderate ; fins all notably small ; scales small, subequal, 9 — ^70 — 9, larger 
on the middle of the bodv than on the caudal pi'duncle ; uody with scattered 

dusky, nebulous spots. — ^^io Gila CLARKl.t 

hh. Body rather elongate, subtei-ete, heavy at the shouldeis and taiiering backward, the deptli 

about 5 in length : head moderate, about 4^ in length ; mouth comparatively 
small ; lips moderate, the upper narrow, with about two rows of Urge tubercles : 
scales little ci-owdea forward, 58 to 63 in the latt^ral line, 19 in a cross-series ; 
a series of duskv spots along each row of scales, as in Minytrema melanopt. 

the spots sometimes obscuns — Rio Gila insiums.§ 

aa. Dorsal with 12 or 13 develoi)ed rays ; scales much reduced and crowded anteriorly. 

e. Body moderately stout, varying with age, subterete, heavy at the shoulders, the depth 4 

to 4| in length : head rather large and stout, conical, flattish above, its 4 t4> 
4| in body; snout moderately prominent, scairely overpassing the mouth; 
mouth rather large, the lips sfrongly papillose, the upper moderiate, with two 
or three rows of papilhe: scales crowaea anterior! v, much larger on the sides 
than below; scales 10 — 64 to 70 — 9: coloration olivaceous; males in spring 
with a faint, rosy, lateral band ; young brownish, more or less mottled, often 
with about 3 large confluent lateral blotches, which sometimes form an obscure 

lateral band. — All waters east of the Rocky Mountains tbuk8.|| 

tt Upper lip thick and full, with several (5 to 8) rows of papilla* ; s(>ales crowded forward. 
I Fontanelle well developed : lips without evident cartilaginous sheath. 
d. Dorsal fin comparatively long, of 12 to 14 rays. 
0. Month quite large, with v«ry laree lips, the upper full and pendent, with 6 to 8 rows 
of strong papillie ; head large, 4^ in length, rather narrow, ouadrangular, 
the snout prelecting; eye large; dorsal tin much longer than nigh, its rays 
about 14 ; scales 12—72-^10 : coloration rather dark ; a dusky lateral stripe. — 
Oregon *. .machociiilu8.i; 

* Catoatamtu nigricans Le Sueur, 1817, = Catostomus maculosu^ Le Sueur, 1817, = Exoglossum viacrop- 
terum Raf., 1818, = Catnst4)inusxanikopus'R)xi., 1820, = Catostomus planicfps\^^..^ 1844, = llylomyionnigri' 
cans AgHssiz, 1855, = Hypentdiuin ntgrieans Jordan, 1876. 

t Catostomus nigricans var. etowanus Jordan, 1876. 

! Catostomus clarki Baird 6c Girard, 1^54, =« Minomus clarki Girard, 1856. 

§ Catostomus insignis Baird &. Girard, 1854. 

II Cyprinvs teres AlitchiU, 1814, = Catostomus communis 1a* Sueur, 1817, « Catostomus hostonisnns Le 
Sueur, ISM^^CatostomusJlexuosus Raf., Iif20, = Catostotnus reticulatus RichaitiHon, 1836, «» Cato«(omutf 
gracUis Kirtland, 1838, — Catostomus pallidus DeKay, 1842. = Catostomus aureolus ValcncieuncH, 1844 
{non Le i^.), = Catostomus /orsterianus Agassiz, 18.W (non Hich.), ^r= Catostomus suckleyi Girard, 1856,39 
Catostomus itacanus Abbott, 1860, = Catostomus eJUoropteron Abbott, 1860, = Catostomus alticoltu Cope. 
1876. s Moxostoma trisiofuUum Cope, 1876. 

U 0€Uostomtu fnaeroMeilus Girard, 1856. 
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ee. Mouth comparatively small, smaller than in C. (era, the nppcr lip thick, with 5 or 6 
rows of papillie, which aremodenit<>ly larf^e : head rounded above. 4 J in len^h. 
the profile steeper than in C. teres, the month more pointed, the two sidea of 
the head more convergent forward; eye small; dorsal fin lonj^er than high, its 
rays 12 to 14 ; scales 13— 72— 10.— Rivera west of the Rocky Atountjdns. 

(KTIDEXTALIB.* 

dd. Dorsal fin short, hijjher than long, of abont 11 develope<l rays; head 4J in length, 
rather bluntish; month moderate, the labial papilla' largely developed, the 
upp4^r lip full, with abont 5 ]X)ws of larfi^e, bnt rather sparse ijapiUie ; scales 
12 — 74 — 10: color dark above; sides clouded with black and yellow. — Califor- 
nia LARIATUA.t 

t^Fontanelle very small and narrow; both .jaws with a weak cartilaginons sheath; Ixtdy 
elouKate-fnsiform^ subtorete, the gn^atest depth 41 to 4^ in lenjrth ; head 
small, conical, 4} in lencth; mouth quite lar^^e, with full, thick lips, the upper 
very wide and pendent, with al^mt 6 rows of very strong papillie ; lower lip 
two-lol>ed, similarly papillose ; interorbital space widi\ convex ; eye elevatwi, 

fosterior, quite small; fins moderate; dorsal nigher than long, with 10, rarely 
1, rays ; ventral rays, 10 ; scales small, crowded forward, 10 or 9 — ^70 — 8 : colur 

dark; scales with dark punctnlations. — Nevada, California aiueopls.' 

**♦ Scales very small, much reduced and crowded anteriorly, 83 to 115 in the lateral line, and 25 to 40 in 

a transverse series from the ventrals to the dorsal : body and head more or 
less elongate ; aides with a broad rosy or orange lateral baud in spring males. 

(Subgenus Catcgtotnus,) 

I Fontanelle well developed ; jaws without evident cartilaginous sheath. 

/. Upper lip comparatively thin and narrow, with but few (3 or 4) rows of papiUff . 
g. Body elongate, subteirte, the depth 4Jto 4} in length : head onite lougsnd nb^nder, 
4^ to 4} in length, depressed and flattened above, broa<l at base, but tapering 
into a long snouts which considerably overhangs the large mouth ; lips thick, 
coarsely tubercnlato ; eve rather smaU, behind the middle of the heaa : scaIca 
very small, much crowcle<l forward, 95 to 114 in the course of tho lateral line, 
and about 20 (26 to 31) in a cross>row from dorsal to ventrals : dorsal rays 10 or 11 : 
males in spring with the head and anal fin profusely tuberculate, the tubercloa 
on head small ; the sides at that season wit n a broad rosv band : size large, the 
largest species in the genus. — Maine to Wyoming and Alaska. .LOX(;iKC«*Tan*.§ 
gg. Body snorter than in the next^ bnt still elongated, its greatest de]>th 4^ to 5 in 
length ; head very large and long-a<niminate, the muzzle nearly half it*« length, 
overhanging the rather large mouth ; lips mwlerate, the upper iiendent, with 
about 3 rows of small papillae, the lower rather full, similarly papillose ; eye 
nearly median, rather snuill, 8^ in head ; scales small and cri»wdi-<l forwartl, 
closely imbricated, 83 to 87 in the course of the lateral line and aliout 28 
in a cross-series from dorsal to ventrals: coloration very dark: fins dnskv; 
scales everywhere finely punctate: size large. — Lake Tanoe and ufighboring 

watt^ra '. TAHUEXSi».:i 

ff. Upper lij) very broad, with several (5 or 6) rows of large papilhe. 

i. Body slender and elongate, the caudal peduncle especially long, the depth 5^ in 
the length; head mo<lerate, 4| in length, rather sU'nder. with prominent 
snout and rather contracted, inf(>rior mouth ; outline of the mouth triangular, 
the apex forward; the lips very thick, greatly developwl; lower lip inciscMi to 
the base, its posterior margin extending backward to opposit-e the eye : Jaws 
with a slight c-artilagiuous pellicle; eye small, high up: scales Ions and low. 
posteriorly rounded, their horizontal diameter greater than the vertical, 17 — 98 
TO 105—17*: fins excessively developed, much moro elevated in the males than 
in the females, the tree border or the dorsal in the males at least deeply in- 
cised : in the males the height of each of the 3 vertical fins gr«»ater than 
the length of the head ; c^audal fin especially strong, the rudimentary rave at 
its base unusually developed : coloration rather silvery, the malt's pri>Uably 
rosy and tuberculate in spring. — "Wyoming to Arizona LATU*i3«Nte.*i 

** FoiitaneUe almost obliterated, reduced to a narn>w slit ; each jaw with a well-develope<i 
cartilaginous sheath (as in Pantofteus). 
j. Bodv subt4'rete, compressed behind, the depth 5 in length ; intororbital space 
2 in head: head quit4> short, broad and rounded above, 4} in length: eye 
small, far "back and high, 6 in liead ; mouth very large, inferior, beneath tne 
projecting snout; upi)er lip very full, miMleraWly iucised, with about 10 
rows ; a notcli S4>parafing the upper lip from the lower, each ,|aw with a slightly 
curved <-artilaginou8 sheath on its tnige, the two parallel with each other ancl 
fitting closely toj^ether : fins small ; dorsal rays 11 ; caudal little forked : scales 
15—90 — 11 ; very much reduced forwanl, and *subjecte<l to many irregularities : 
color dusky ; size small. — Idaho to Arizona diwowolus.** 

Of other species recently referred to this geuiiH, Catostomus rostratus TilesiuH, from 
Siberia, is iirobably a true Catoniomus^ bnt our knowledge of it is very imperfect. 
Caiostamus fecundiu»'Co\w. & Yarrow is probably a distinct species, related to C. ocfiden- 
talis. Catotttomns phheiim Haird & Girard and Calostoniua gcneronun Girard belong to Pan- 
tosteus. Catostomufi retropinnis Jordan (Bull. U. S. Nat. Mns. xii, 178), discovered since 
the above was written, is not included. 

* Catoatomtuoecidentalit Ayros, 1854, = Catostomui oceidetUalis Agassiz, 18S5, >= / Catoetomus bemardini 
Girard. 1850. 

t Catottomu* labiatut Ayres, 1855. 

1 Cato»t4>mu4 arc^ypus Jordan, sp. nov. 

§ Cyprintut eatottomut Forster, 1773, = Cntostomut Umgirottntm Le Sueur, 1817, = Catottcmiu hudt&niiU 
Le Sueur, 1817, = (7ato«tomu«/or«t«ruinti« Richardson, 1823, = Cafo«fomtM aurora Agaasiz, 1850, = J.«omta 
griseu* Girard, 1856, = Acomus laetariut, Girard, 1856. 

nCatottomtu tahoenns Gill & Jordan, 1878. 

TF CatoHamtu laHpinnit Bainl &. Girard, 1853, = Acvmu» guzmaniensis Girard, 1856. 

^* Cato9tomu4 diaoobolu* Coiie, 1872. 
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Family CYPEINID^. 

Genus APOCOPE Cope. 

The species of this genus represent in the West the Rhinichthys of the Eastern 
streams. They are all of small size, and are covered with very small scales. They are 
very closely related ; and as they are distinguished chiefly b}* the size of the scales, a 
matter not' always easy to determine, they are extremely hard to recognize. In the 
present collection are very great numlMirs of small specimens, many in had condition. 
Some of these are hardly detenuinable. Among those large enough and well enough 
presented to be fit for study I recognize three species, apparently those called by Pro- 
fessor Cope Apocope carrimitoni, vulneratOj and veniricosa. 

Apocope cahrinotoni Cope. 

11*72 — Ajwoope rarrinfctonii Cope, Rcpt. U. S. GeoL Snrv. Montana, 1871, n. 472. 
1876 — AiK>c<>|H» carrin^^mii Cojte, v. 5, Zoology, V. S. Oeoe. Snrv. W. 10(ttii Mtmtlian, 1875, p. 645. 
l)«7S_AiM>c<>|H^ oarrinjitonii Jordan <£ Coveland, BiilL Bufmlo Soc. Nat llirtt. v. 2, p. 149. (Same only.) 
1878 — Apocojiti carringtonii Jordan, Cntalogue FisbeBX. A., Hayden's Bull. GeoL ourv. Terr, iv, 2, p. 4SS6, 

Many specimens, answerini^ fully to Professor Cope's deserii)tions. The largest one, 
from Camp Bidwell, Californm, is nearly 4 inches long, and has the head quite blunt 
and heavy. The lateral line, which is wanting on the posterior half of the body in the 
smaller specimens, is in this specimen nearly complete ; but the tubes are lacking on 
many scales. It is probable that in this genus, as in many others, the lateral line 
l>eromes more perfect with age. In the larger specimens of A. carringtoniy the loral 
region, the base of the pectorals, ventrals, and anal, and part of the caudal fin &re 
scarlet. 

Pn>feflsor Cope's types were collected at Warm Springs, Utah. 

This little species was found to Ije extremely abundant in nearly all the pools and 
streams in the repon of Camp Bidwell, California, in some instances the water being 
literally black with them. This is chiefly the case at the season of low-water. They 
funn the chief dependence of the heron family. 



No. I 



Locality. 



39 ' Camp Bidwell^ Mo«loc County, California 

40 ' do *. 

10 Spring near Smoke Creek, Lassen County, California 



Collector. 



H. W. Hensbaw 

do 

do 



Date. 



Sept 28. 1877 
Sept 28, 1877 
July 16,1877 



Apocope vulnkrata Cope. 

1873 — Apiicope vulnerata Cope, TJ. S. Geol. Surv. Montana, 1871, p. 473. 

1K72 — Ti^ma rhinichthyoides Cope, U. S. Geol. Sun'. Montana, 1871, p. 473. 

1K74 — Aloumellus rhinichthyoides Cope, Proc. Am. Pliilos. Soc. p. 133. 

1H76— AiMH'ope vulnenita Cope, v. 5, Zool., U. S. Geog. Snrv. W. 100th Mer. 1875, p. 646, pL xxvi, f. 4, 4 a. 

1876 — Ajiocope vulnorata Jordan dt Copeland, BuIL Buffalo Soc. Nat Ilist p. 149. (Name only.) 

1K7H — AiMJCope vulnerata Jordan, Cat Fishes N. A. p. 426. 

1874 — Kiiinicnthys henshavii, var. iii. Cope, Proc. Am. Philos. Soc. p. 138. 

1H76— Apocope conesii Tarrow, Fielu and Forest p. 39. 

1876^ Apocope c<inesii TarroiP, v.3 Zim)1.^ U. S. (Jeog. Surv. W. 100th Mer. 1875, p. 648, pL xxvii, f. 2, 2 a. 

1876— Apocope couesii Jordan ' -..-—... 

1878— Apocope couesi Jordan, Uat. J<'unes A. A. p. 



V, r leiu anu r oresi, p. av, 

7, V. 5, Zool.. U. S. Geog. Surv. W. 100th Mer. 1875, p. 648, pL xxvii, f. 
i A Copeland, BnlL Bufialo Soc Xat Hist p. 149. (Xame only.) 
Cat FUhes N. A. p. 426. 



Many specimens agreeing perfectly with the original account of Apocope vulnerata, 
and so closely with Apocope couesi also, that I have ventured to add tliiit name to the 
synonymy 0/ vulnerata. In the accounts of these species given by Cope and Yarrow 
ill the* Report of Lieutenant Wheeler's Explorations, are some discrepancies. On page 
645, the scale-formula of vulnerata is stated to be 15—70 — 12 ; that ot oouesi 13—80 — 10. 
On page 646, that of vulnerata is 12—65—12 to 14 f ; and on page 648, that of couesi is 
14—^ — 12. I have assumed that the latter account« are the most correct ; and, if so, 
I find no sufficient ditferencc between vulnerata and couesi, If^ however, couesi really 
hoM 80 series of scales, it may be referred to ventricosa. My specimens are less than two 
inches in length. The lateral line, which is somewhat interrupted, includes from 67 to 
70 fM;a]es. 

The types of vidnerata were from Provo and Logan, Utah ; those of couesi from Camp 
Apache, Arizona. It is probable that the species is widely distributed. 
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Wherever found, the species of this genus, as in the present instance, exist in great 
numbers. Indeed, were it not so, their extermination would be veiy rapid, as not only 
are they preyed upon by many birds, but they also form the food or the several larger 
species of lish. 



No. 


Locality. 


Collector. 


Date. 


8 


Horse Xiflke. Modoc Coniitv. CalifomlA 


H. W. Henahaw 

do 


July 9, 1?77 


37 


Wanipr Liake Lake Conntv. Orei?on 


Sept 14, 1^ 











Apocope ventricosa Cope. 

1874 — ^Ceratichthvs ventricosni* Cwe^ Proc. Am. PhiloB. Soa Phila. 1874, p. 133. 

187ft— Apocope veutricosa Cop€, vol. v. Zool.. IT. 8. Gt«jc. Surv. W. 100th M. 1875, p. 648, pi. xxviii, 1 1. 1 fl. 
1876 — Apocope yentricosa Jordan A Oopeland, B»1L Biifltilo Soc Nat HUt p. 14d. (Name only.) 
1878 — Apocope VRiitricoiM. Jordan, Catalogue Fiabea N. A. p. 426. 

Another very abundant species, readily distinguished from the preceding by its 
much smaller scales, there being more than 80 in the course of the lateral line. My 
s{>ecimens are more slender than is shown in Professor Cope's figure, but are otherwise 
similar. Professor Cope's specimens were from Arizona and New Mexico. 



No. 


Locality. Collector. 


Date. 


37 
17105 


Warner Lake, Lake Connty, Oregon H.W. Honnhaw 

Lake Tahoe, California do 


Sept 14,1877 
—,1876 


17102 


Tnickee River. Washoe Countv. Nevada do 


.1S76 


15 


Sliinn's Ranchc. Mmloc Conntv. California do 


Jnly 15,1877 







Genus LEUCOS Heckel. 

(Algansea sj). Girartl. Myloletiais Cope.) 

I accept this name provisionally for those species referred by Girard to Algameaj 
which however differ mmi the type of AUjannea^ A, thiceUay in having the teeth 4 — 5, 
instead of 4 — 4. Leucos differs from LeuctHcus only in having the te^tli 4 — ^5 or 5 — 5, 
instead of 6 — 5 or 6 — 6. The species of Sq^ialhm (Cheanda) have two rows of teeth, 
while those of Myloleucus have but one. The genera called by Girard Cheonday Ttgo- 
mUf and liichardnomnSy are in my opinion equivalent respectively to the Euroiiean 
SquaUuSy TcleMes and Alhumus, 

Professor Cope states that the teeth of MylohHom are "5 — 4 in outer row." From 
this I inferred formerly that two rows were present in his typical species. Such ap- 
pears, however, to be not the case. Tlie statement is doubtless the result of a rigid 
definition of generic characters, the number of rows of t<5eth not being considered as 
a generic character per se by Professor Cope. I have recognized in the present c^^llee- 
tion the two species referred by Profes-sor Cope to Myloleuciis, but both of them appear 
to have received prior names from Dr. Girard. 

Lkucos obesus (Girard) Jordan. 

1856— Algansea obena Oirard, Proc. Acad. Nat Set Phila. p. 183. 

1858— Al^annea, obewa Girard, Pac. R. R. Expl. v. 10, p. 239. 

1868 — Leucine tiH obesuA G'dnther, Cat Fishes Brit Mas. v. 7, p. 244. 

1878 — MylolouctiB ol>o8Ut!i Jordan, Cat Fi«he« N. A. p. 425. 

1872 — Mylolencns pulverulentus Cope, U. S. G-eol. Sarv. Montana, 1871, p. 475. 

I>i76 — MyloleuciiH pnlveriilontaH Cope tt Yarrow, vol v, Zoolo&;y, u. S. CriMjg. Surv.W. 100th M. 1873, p. 669. 

1876— M^yloleuouH piilveriileutiiM Jordan dt Copeland, Bull. Buffalo Soc. Nat Hiat. p. 151. (Name only.) 

1878— MyloloucuH pulverulentua Jordin, Cat Fi8htNS N. A. p. 425. 

This species seems to be the most abundant of the Cyprinidce in the regions in which 
the i>resent collections wore made. An immense number of specimens are before me, 
ranging from half an inch to ten inches in length. The form varies considerably, 
large oh*^ b;nug consid 'rably compressLnl, and with a more pointed suont than the 
smaller ones, in which the head is bluut and heavy. Tlio scales are very uniformly 
14—68 — 1, The lateral line is dettexod. Thu teeth are 4—5, with distinct grinding 
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Rarface, althoagh I notice somo variation in this respect. The uppermost teeth, as 
dscribed by Girard, '^ stand boldly out above the surface of the bone." The lenj?th of 
the head is contained aboat four times in length, the depth of the body being not far 
from the same, ',i^ to 4. I have seen none qnite so deep as is represented by Girard. 
The iuAerticm of the dorsal fin is nearly directly over the base of the ventrals. The 
coloration is rather dusky ; the name palverulentuSj applied by Professor Cope, being 
very characteristic, most specimens being closely dusted with small black dots. 

Without reference to otner characters, this species may be distinguished from the 
other American species referred to Leuoos by the following peculiarities of the scales : 

a. Scales 12 to 14 — 58—7 obemt. 

b. Scales 10 to 12— 50— 53— 6 Jormotut. 

f. Scales 8 — 50—5 biedor. 

All these species have the cleft of the month rather short and considerably oblique. 
The type of ohesa Girard came from Humboldt River, Nevada. The types ofpulveru- 
/eji/iM Cope were from Warm Springs, Utah. 



No. 



502 

503 

17106 

17103 

17105 

17100 

44 

12 

42 

10 



Locality. 



Collector. 



Pyramid Lake, Nevada ' H.W. Henshaw. 

do I do 

Truckee River, Washoe Connty, Nevada t do 

Carson River, Onnsby County ,*^ Nevada ' do 



Lake Tahoe, California. 

do 

Eagle Lake, Laiwen Connty, California (proUably) 

Smoke Creek, Modoc Connty, California 

Eagle Lake, Lassen Connty, California. 



.do 
.do 
.do 
.do 
•do 
Spring near Smoke Creek, Modoc County, California ' do 



Bate. 



May 
May 



July 
July 
July 



— , 1877 
— , 1877 
— , 1876 
— , 1876 
— , 1876 
— > 1876 
— , 1877 

15, 1877 
4. 1877 

16, 1877 



Lkucos FORM08U9 (Girard) Jordan. 

1856— Algansea formosa Oirard, Proc. Acad. Nat. Sci. Phila. p. 183. 
1858— Algansea fomiosa Girard, Pac. R. R. Expl. v. 10, p. 230. 
1H6H— Leuciscun formosus Oiinther, Cat. Fishes Brit. Mus. v. 7, p. 245. 
1H68— Algansea formosa Cooper, Nat. Wealth Cal. by Cronise, p. 496. 
1878— Myloleiicus fumiosus Jordan^ Catalogue Fishes N. A. p. 425. 

My specimens indicate a species very closely related to Af. oheswt^ but differing pretty 
constantly in the characters given in the preceding analysis. The scales are imually 
11 — 50 — 7 ; the teeth are similar to those of obcsiM, or a trifle stronger, with broatler 
li^rinding surface. The head is rather longer, 31 in length, and the bi>dy slendort^r, the 
depth l»eing rather less than one-fourth the length. The general appearance and 
cr»joration are the same; some specimens are closely speckled, others almost silvery. 
Girard's tyi>es of formosa came from the Merced and Mohave Rivers in Southern 
California. 

This fish is extremely abundant in some localities, as at Washoe Lake, Nevada, where 
it forms the chief food for several species of diving birds that frequent it« waters. As 
a table-fish it is considered to be of no value whatever, and is never captured for table 
use. 



No. 



17101 
17096 



Locality. 



Washoe Lake, Nevada. 
Kern Lake, California . 



Collector. 



H.W.Henshaw. 
do 



Date. 



Leucos bicolor (Girard) Jordan. 



1856 — Aljcansea bicolor Oirard, Proc. Acad. Nat Sci. Phila. p. 183. 

1858— Algansea bicolor Girard, Pac. R R. Expl. v. 10, p. 23& 

1868— Lenciscns bicolor Gtinther, Cat Fishes Brit Mus. v. 7, p. 245. 

197K— Mylolencns bicolor Jordan, Cat Fishes N. A. p. 425. 

1N77 — ^Mvloleucus parovanus Cope, Proc Am. Philos. Soc. p. 136. 

1876 l(fyl«l€'ucu8 parovanns Cope rf Tarrow, v. 5, Zool., U. S. Geoe. Surv."W. 100th M. 1875, p. 660, pi. 28, f. 3a. 

1K76 — Myloleucns parovanns Jordan A Copeland, BnlL Buffalo 8oc Nat Hist. p. 151. (Name only.) 

1878 — ^Mylolcncus parovanns Jordan, Cat Fishes N. A. p. 425. 

My specimens of this species are all quite young. They agree fully with Profeasor 
Co])e'8 description and figure of AfyMeucus parovanus, and differ from Girard^s account 
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of Algansea hlcolar in those characters which var>' with age. There can be little doabt, 
I think^ of thp i>ropriety of consideriDg parovanus as a synonym of bicolor. This species 
is very similar in color and appearance to the others. The type of Algansea bicolor 
is from Klamath Lake, Oregon; those of Mylol^uau parovanus from Parowan, Utah. 
Others have Ijcen obtained in Beaver River in Sonthwestem Utah. 

Since the above was written, I have examined the types of Girard's Algansea obesa^ 
formosa, and bicolor, and I have no doubt of the correctness of the identifications hen* 
made. The scale-formula in the type of obeea is 12 — 58 — 7 ; of formosa, 10 — 53 — 6 ; uf 
bicolor, 8 — 50 — 5. 



No. 


Locality. 


Collector. 


Dale. 


84 


'W'^mnr TAlrit Tjilrn Cnpnty, Ornffttn ^ . . ^ 


H.W.Henahaw 


Sept 5.1877 







Young specimens of some species of Telestes were obtained in Pitt River, California. 
The species can, however, not bo ascertained. The remains* of several individuals of 
some large species, with very small scales, were picked up on the shores of Keni Lake. 
These, also, I have been unable certainly t-o identify, as the teeth are entirely lost. 
Kern Lake contains vast numbers of these fish, with, according to report, one or two 
other species. At some seasons they may readily be taken with hook and line, but 
in summer thoy retreat from the accessible parts of the lake into deep water; hence 
our inability to obtain specimens other than the remains above alluded to. 

Genus COREGONUS Linnasus. 

COREGONUS WILLIAM80NI Gir. 

Coregonui wiUiamsoni Ginird, Proc. Ac. Nat Sol. Phila. 1856, 136.— Giranl. TT. S. Pac. R. R. Erpl.. 
Fishes, 326, pi. 66.— Gunther, Cat Fishes Brit Mas. vi, 187.— Cope & Yarrow, ZooL Lieat. 
Whoelor's Surv. W. 100th Mer. v, 6«J.— Cope, TJ. S. GeoL Surv. Terr. 1870, 433, and 1871. 
409.— Cope, Proc. Ac. Nat. ScL Phila. 1874,132. 

This fish appears to be of not uncommon occurrence in certain portions of the West- 
ern interior. It was secured by the Expedition in 1872 at Utah Lake, and its presence 
elsewhere in the Territory ascertained. It appears to live habitually in such lakes as 
permit a run in the spawning sesison into the cold clear mountain streams. At Lake 
Tahoe it was found very abundantly in October, being met with at that season in all 
of the few small streams that issue into the lake from the adjoining mountains, as 
Trout Creek and Truckee River. This month and later is their spawning season, and as 
they pass u}) many are intercepted by the Indians, who find a market for considerable 
numbers in the settlements and logging camps about the lake. Having constmctt.^ 
a suitable net of mosquito-netting, which is affixed to a long pole, the Indian, ac- 
companied by one or two squaws, proceeds to the stream where it is sufficiently 
narrow for his purpose. Placing the net at the head of one of the deep sandy-bot> 
tomed pools which are found at every turn of the sti-eam, he awaits quietly till all the 
fish near by have been frightened into it by the squaws, who advance from below and 
beat the water with sticks. With a sudden scoop he usually empties the pool, taking 
X>erhaps from six to a dozen fish from each. All that we saw caught in this manner 
were quite small, averaging i)erhaps ten inches in length, but tliey attain a much 
larger size. Farther to the north we heard of a fish called the "Whitefish," which 
was said to inhabit Pitt River, and which was probably this species. 

The CoregomiM couefti resembles somewhat the present species, from which, however, 
it appears to be sufficiently distinct. 

Family SALMONID^. 

CrenuB SALMO Linnfous. 

(Subgenus Salar Valenciennes.) 

{Salar and FaHo Girard.) 

Salmo iuidkcs Gibbons. 
Pacific Coast Brook Trout, 

18SS— Salmo iridea Oibbons.Vmc. Cal. Ac. Nat Sc. p. 36. 

Sahir iridea Girard, Proc Ac. Nat. Sc. Phihi. p. 220, 1856. 

Salar irid<»a Oirard, Pac. R. K. Expl., Fishe-s, p. 321, 1858, pi. 73, f. 5, and pi. 74. 



* Theao remaina prove to belong to OrthodUm mierolepidotut (Ayrea) Grd. 
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Salar iridena Jordan, Catalogne Fishes "S. A. p. 431, 1878. 

Solmo irideae Qimthtr, Cat. Fisliea Brit, Mus. vl, p. 110, \m. 

Salmo iridea Suekley, Monograph Genus Salmo, p. 120, 1874. 

Salmo irideas Jordan dt Oopeland, Check List, p. 144. 187G. 

Salmo irideas JSaUock, Sportsman's Graaetteer, and ox writers on fish and flsh-cnltare generally. 

Salmo irideas Jordan, Man. Vert. ed. 2d, p. 358, 1878. 

Salmo irideas Jordan, Proc. U. S. Xat. Mus. i, 76, 1878. 

Salmo rirularis jMre*, Proc. Cal Ac. Nat. So. p. 43. 
1856— Fario gairdneri Girard, Proc. Ac. Nat, So. Phila. p. 219 (not Saimo gairdn^ Kioh., a species 
with the " caudal fin semilnnate" and "no hyoid teeth " ; hence neither the present fish nor 8. 
darkUmch.). 

Fario gairdneri Oirard. Pao. B. R. Expl., Fishes, p. 313, pi. 71, f. 1-4, 1858. 
185S— Fario newberrii CHrard, Proc. Ac. Nat. Sc. Phila. p. 224, 1858 (substitute for jjrairdn^). 

Salmo newberrii Suekley, Monograph Genus Salmo, p. 150, 1874. 

Salmo newberryi Jordan d Oopdand, Check List, p. 144, 1876. 
1858— Fario clarkii Girard, Proc. Ac. Nat. Sc. Phila. p. 219 (not Salmo darkii Rich.). 

Fario clarkii Oirard, Pac. R. R. Expl. Fishes, p. 314, pi. 71. f. 5-8, 1858. 
186&— Salmo masoni Suekley, Nat. Hist. Washington Terr. p. 345 (substitute for clarkii). 

Salmo masoni SucHey, Monograph Salmo, p. 134, 1874. 

Salmo masoni Jordan A <7^e2an(2, Check List, p. 144, 1876. 
1860—7 Salmo gairdneri Suekloy, Nat. Hist. Washington Terr. p. 331 (not of Richardson). 

? Salmo gairdneri Sucklev. Monograph Salmo, n. 114, 1874. 
1867 — Salmo pnrpuratiis Oiinther, Cat. Fishes Brit. Mus. vi p. 116, 1867 (in part ; probably not of Pallas, 
whose specimens came from Sii>eria. = Salmo mykus Walbaum, = Salmo muiHH Bloch, both 
names prior to Pallas, who gives *' Idykiss*' as the vemaonlar name otpurpuratuu). 

No new iuformation having been obtained in regard to this abundant species, it is 
necessary only to refer to it here. The synonymy has been elsewhere fully discussed.* 
Mr. HenBhaw adds the following: This is the common "Brook Trout" of the small 
mountain streams of the Pacific slope, and up to an altitude of 9,000 feet it is the rare 
exception to find a suitable stream that is not well stocked with it. Upon many of 
them, as the tributaries of the South Fork of the Kern River, these trout are found in 
very great abundance, each pool and rapid numbering its finny denizens by the score. 
They may be taken in any sort of weather, at any hour of the day, by almost any kind 
of bait. During the heat of the day, they frequent almost entirely the deeper pools, 
lying under overshadowing rocks or in the shade of some convenient log. In early 
inoming or late afternoon, they come out and nm more into the shallows and rapids, 
under which circumstances they bite best and afford the finest sport.. Like the aver- 
age brook trout, the species rarely attains any considerable size, ranging from four to 
eight or more inches in length. Their colors are usually very bright, and for beauty 
this species takes rank among the foremost of it^ kind, and has been well called the 
** Grolden Trout." In this respect, however, it is subject to the usual variation obtain- 
ing in the family, the change of color not only accompanying a difference in locality, 
but beinij^ plainly discernible in individuals taken in difierent ])arts of the same stream 
not far distant. In fact, as a specific character, color in this family seems to be at its 
lowest value. The character of the bottom ana water itself has much to do with this, 
and I remember to have fished in a small rivulet on one of the sab-alplne meadows not 
far from Mount Whitney, whose sluggish waters flowetl over a bottom of dark mud, in 
which the color of the trout simulated very closely its hue ; they had lost nearly all 
the flashing iridescent tints characterizing the same species caught but a few hours 
before in another stream, and ha<l become duU and somber-hued. Accompanying this 
change of color was a correspondingly noticeable difference in habits and motions, and 
the several dozen trout caught that evening for supper were taken out by the hook 
^th the display of very littft more gaminess than would be noticed in so many Homed 
Pout. On the contrary, in the clear rapid current of the mountain stream, a flash of 
sunlight is scarcely quicker than the gleam of gold and silver seen for a single instant 
as the whirling waters are cut by one of these trout as he makes a rush from his lurk- 
ing place for some chance morsel which is being borne past him. The Western trout 
are rarely as shy as their relatives of Eastern waters, ana because of their numbers and 
tbe consequent scarcity of food are apt to be less fa-stidious ; yet, even when most 
abundant, due caution must be used if one would be successful, and not every one can 
catch trout, even in the West. With the proper care in concealing one's self, a pool 
may be almost decimated ere the alarm will be taken, and I have seen fifteen fair- 
sized trout taken from a single small pool in quick succession. 



Ko. 


Locality. 


Collector. 


Date. 


17104 


Near Monnt w hitney. Inyo Connty. Cslifomia 


RW-Henshaw 

do 


, 1875 


17O06 


dai Creek. Ventura County. California 


— 1875 











* * * Notes on a CoUeotion of fishes firom Clackamas Rlyer, Oregon. By Dayid S. Jordan, M. D."— Proc. 
U. S. Nat Mns. i, 75« 1878. 

14 WH 
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Salmo T8UPPITCH Richardson. 

Tsuppitch Trout Bhick Trout of Lake Tahoe. 

1836— Salmo tsuppitch Richardson, Faana Bor. Am.. FUbea, p. 224. 
Salmo taappitch DeKaj/, New York Fauna, FUhea, p. — ^ 1842. 
Salmo tfluppitch Stover, Sypopsis, p. 197, 1846. 

Salmo tsuppitch Herbert, Frank. Forre8ter*8 Fish and Fishing, Suppl., p. 39, 1850. 
Salmo tsuppitch Suekley, Nat. Hist. Wash. Terr. p. 327. 
Salmo tsuppitch GunUier, Cat. Fishes Brit. Mus. vi, p. 118, 1867. 
Salmo tsuppitch SvcHey, Monosraph Salmo, p. Ill, 1K74. 
Salmo tnuppitch Jordan, Man. v ert. ed. 2d, jp. 358, 1878. 
Salmo touppitch Jordan, Proc. U. S. Xat Mus. i, 72, 1878. 

A specimen has been lately received at the National Miiseam from Clackamas River 
Oregon, which I regard as belonging to the species to which the name of Saimo tevp- 
pitch was given by Richardson. In the present collection are many more specimens 
more or less closely similar to the Oregon one, and which, in default of mateiial for a 
full comparison, I consider specifically identical with it. The species Umppitch as thus 
defined is closely related to Salmo clarkii and to Salnw hensham, from both of which it 
may be distinguished by the want of hyoid teeth and by the smaller and more conical 
head. 

With henshaufi it agrees most closely, and if old specimens of the latter, as may 
perhaps be possible, shed or absorb their hyoid teeth, there may be some difficulty in 
distinguishing them. The color and general appearance of the two (in spirits) are 
remarkably similar; but Mr. Henshaw informs me that they are readily distinguishable 
in life, S. hensham being known to the fishermen as Silver Trout ; S. iBuppitch as Black 
Trout. From S. irideus and S, spiluruSf both of which are destitute of hyoid teeth, S. 
teuppitch is readily separated. It is intermediate between the two and closely related 
to neither. 

The following description was taken from the Clackamas River specimen : 

Body elongated, somewhat compressed; the dorsal region moderately elevated; 
head rather small, pointed and lengthened, it« form quite distinctly conic,'less convex 
than in S. pleuriticuSf the top rather narrow and slightly keeled ; mouth moderate, not 
large, with rather weak teeth ; the maxillary comparatively narrow and not extend- 
ing much beyond eye ; opercle more prolonged backward than in S. pleuriticuSf making 
the head appear longer ; pectoral fin smaller than in S. pleuriticus. 

Scales small, silvery, 2S — 180 — 2d ; caudal fin short, rather faintly forked^ but more 
so than in S. pleuriticus or S, clarki; adipose fin rather small ; color dark above ; head, 
body, and upper fins with small, round, black spots, mostly very numerous, and as 
plentiful ant4>riorly as behind ; fins all small, the dorsal of the usual Salar patt<em ; a 
few spots on the belly. 

Measurements. 

Clackamas River. Kern Birer. 

Length 12inches. 12inches, 

Depth 23|of length. .25of length. 

Head 24| .26 

Int^rorhital space 07 .07| 

Maxillary 10 .12 

Mandible 15 .17| 

Dorsal rays 2,11 2,12 

Analravs 2,10 2,10 

Scales 28—180—20 165 to 175 

This trout appears to be ciuite widely distributed, and specimens were obtained bj- the 
expedition at several localities far distant from eacii other. In the North Fork of Kem 
River, upon the Pacific slope, it appears to be the only species, and to be replaced in 
the other and smaller branches of the river by the S. irideus. It attains a large size 
both in this stream and in Lake Tahoe, where it is also very abimdant. It appears 
to be unusually voracious even for a trout, aud very few small fish of it* own kind 
are found in the streiim, they keei)ing in the small tributary water-courses until able 
to protect themselves from their larger brethren, which even here attain a weight of 
seven pounds. Visiting the North Fork in October, after it had been well fished out 
during the summer to supply the mining towns, wo found no little difficulty in catch- 
ing the trout, all the ordinary baits failing to entice them into biting. Upon dissect- 
ing a four or five pounder which had fallen prey to a spoon bait, the secret was out, 
for no fewer than five mice were found in his belly, all captured the night before. 
Acting upon this hint, no further trouble was had, and a cast made with a small mouse 
as bait into a pool tenanted by a large fish was sure to be rewarded by a rise and 
strike. Immense quantities of drift-wood along shore explain the presence of the mice 
{Hesperomys leucopus)f and the trout coming at night into shallow water to feed succee<i 
in seizing them in some unexplained way. In Lake Tahoe this species is distinraished 
from the succeeding by the popular name of "Black Trout," on account of it« very 
dark colors. Its method of capture and habits while in the lake appear t'O be identical 
with those of the following species, and under that will be detailed. It is the belief of 
all the fishermen on the lake that the "Black Trout" spawn only in the streams mak- 



I^^- 

'^^''.. ^n. 



'fry 
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ing into the lake, notably the Truckee River, their passage np for this pui'pose occur- 
ring in May, June, and July — ^June being the Bx>ecial month. At this season many 
are speared during the run, the Indians especially taking advantage of the opportunity. 
Such is not the case with the Silver Trout (S. AensA^trt), which is said never to be 
found in the streams. During the last part of May, while on a visit to P,\Tamid Lake, 
which with Winnemucoa Lake receives the waters of Tahoe through the Truckee 
River, we caught in a short time a couple dozen of these tnnit, averaging about two 
pounds each. They appear not to attain so great a Hize here as in Tahoe. The waters 
of Pyramid Lake fairly teem with these fine fish, and as the lake is within the limits 
of the Indian reservation, they have been protected, fishing for market, except by the 
Indians, being prohibited by the superintendent. 



No. 



Locality. 



Id Tribntary of Pitt Kiver, Hodoc County, CalifomlA 

LaVe Tahoe, California 

Kern River, California 



Colloctor. 



Date. 



H.AV. Hensbaw. 

do 

do 



—,1877 
—,1876 
— , 1875 



Salmo henshawi Gill A, Jordan (sp. nov.). 

(Plate 4.) 
SilMT Trout of Lake Tahoe* 

1877— Lake Talioe Trout, Henthatp, Hallock, Sportfrman's Gazetteer, p. 342. 
1878 — Salmo henshawi Jordan, Man. Vert ed. 2a, p. 358. (Brief notice.) 
1878 — Salar henshawi Jordan, Cat. Fishes N. A. p. 431. (Naine only.) 

Several fine specimens of this beautiful trout were taken by Mr. Henshaw in Lake 
Tahoe. Another individual somewhat diflferent, jHirhaps representing a local variety, 
but apparently belonging to the same species, has been received by the United States 
National Museum from McCloud River, California, where it was collected by Mr. Liv- 
ingston Stone. 

The following description is taken from Mr. Henshaw's specimens, of which the one 
numbered 17,086 in the Museum Register is the one measured, aud which may be con- 
sidered as the type of Salmo henshawi : 

Body elongate, not greatly compressed ; head comparatively slender and long-acumi- 
nate, its upper surface very slightly carinated; muzzle somewhat i)oiuted, but Iduntish 
at the tip ; head not convex above in either direction ; maxillary rather short, about as 
in S. clarkij not reaching much beyond eye ; teeth on vomer usual, a rather small, nar- 
row, but distinct patch of teeth on the hyoid bone, the patch narrower and the teeth 
smaller and more closely set than in S. clarki; these teeth appear to be sometimes 
deciduous. Dorsal fin small, its last rays f- the height of the first, the outer margin 
even, as in 5. irideus. Caudal fin short, moderately forked ; scales medium, 27 — 160—27. 

Color rather dark, the sides silvery; back about equally spotted before and behind; 
sides with rather distant spots. In some, the belly is also spotted ; in others, the spots 
are quite sparse and very round. 

Top and sides of head spotted, even to the end of snout. Dorsal and caudal spotted. 

From S, clarki it differs in the form of the head, in the forked tail, in the smaller 
patch of hyoid teeth, and somewhat in color. 

The specimen from McCloud River is still more elongated and rather more compresse<l ; 
head very large and long, much as in typical specinieus of S, henshawi, but it« upi)er 
slope is even more nearly horizontal ; mouth wide. The maxillary rather wide, reach- 
ing beyond eye, larger than in 8, henshawi. Head slightly keeled, the long muzzle 
deeper than in 8, henshawi. Caudal similarlv forked. Colors of 8. hensham. Anterior 
spotting profuse; some spots on belly. Scales averaging smaller than in 8. Ivenshawi. 
This specmien may indicate a permanent variety, but it is not desirable to name it 
until more is known concerning it. 

Measurements of 8aJm4> henshawi. 

(170S0, Lake Tahoe.) (20632, McCload River.) 

Length 13 inches. 15^ inches. 

Depth 264 of length. .20 of length. 

Length of head 25f .25^ 

Top of head 15 .17 

Inteivrbital space 07 .07 

MAxillaty 11 .12 

MADdible 15 .16| 

Snont 06 .07 

Orbit 04| .04 

Bomal rays 2,11 2,10 

Anal rays 2,10 2,11 

Scales 27—160-27 87—184-87 
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This beautiful trout is universally known about Lake Tahoe as the " Silver Trout" 
in distinction from the preceding, from which it may be known at a glance— at least 
such is the case in the fall, the time of our observations — by peculiarities of color alone. 
Its prevailing tint when freshly taken from the water is of a rather pure silvery-white, 
the sides showing traces of golden reflections. The black spots are larger, more irregu- 
larly shaped, and more numerous than in the " Black Trout,'' and on the back become 
ag^^gated into a broad black band. The belly is white, not smoky-brown, as in the 
other, and is marked with numerous small black spots. The color is variable to some 
extent in both sjiecies, and perhaps at other seasons the distinct colors of the two flsh 
might not be maintained, although we have never seen specimens that appeared at all 
doubtful; hence we are inclined to attribute a greater degree of constancy to the 
respective markings of these two fishes, as thev occur together in Lake Tahoe, than is 
usually to be found in the various species of the family. The Silver Trout is said to 
spawn in the gravel beds of the lake, and not to accompany the other species on ila 
periodical journey up the Tmckee. At Lake Tahoe, the capture of trout, as followed 
oy the fishermen for market, is rather peculiar in that trolling supersedes all other 
methods. We had no opportunity to test them with the fly, but were told that it had 
been tried, with but poor success. On several occasions, the ordinary spoon bait was 
used, such as is i;mployed successfully in the East with Pickerel, and which elsewhere 
in the West we have found to be fairly successful with trout, but here it proved of 
little value. The tackle which exi)erience has shown to he the best, and which is in 
almost universal employ upon the lake, is ver>' similar to the ordinary trolling appa- 
ratus used upon the East coast for Blueflsh, and consists of an oblong-oval, flat piece 
of lead either nin on to the shank of a good-sized hook or placed upon the line imme- 
diately above it. The hook is always baited with a fresh "Silver-sided Minnow," the 
bright lead serving merely to attract the attention of the fish to the bait. The wonder- 
ful transparency of the water renders the use of a long line, 150 feet or more, impera- 
tive, as the trout are too shy to be trolled in very near the boat. With the above sim- 
ple equipment, the fisherman is ready for work, and in season it is only necessary to 
troll leisurely over the fishing-grounils upon a calm day, and good fishing is assured, 
as the trout are very numerous and eager for the bait. Nearly all the fish are caught 
between the gre^n and blue water, the former color indicating the shallower parts, the 
blue the deep. The sharpness of definition of this dividing line is quite remarkable, 
deep water succeeding shallow with clitt-like abniptness. 

It is during the spnng months that the trout take the bait most eagerly, and great 
numbers are then caught. As summer comes on, they bite less readily, and during the 
late fall good catches are rarely made. 

Besides the trolling method, still-fishing is sometimes resorted to, chiefly by visitors 
and amateurs. At several points in the lake not far from shore may be seen jutting 
out from the water the tops of immensw' pines that have been stranded in water from 
50 to 150 feet deep. The boats are made fast to one of these, and with much the same 
apparatus as above described good strings of trout are taken, a morning's catch in 
season averaging from a dozen to thirtv. The fish caught in this manner average 
smaller than those hooked by trolling, although 3 and 4 pounders are by no means rare, 
while occasionally much larger ones are taken. 

Regarding the extreme size attained by the Tahoe Trout we are able only to furnish 
statements made by others. Ten-pound fish are certainly not rare, and the positive 
assertion is made by all the fishermen whom we have nuestioned on the subject that a 
28-poTind Silver Trout is on record as ha\ing been caugnt here, the weight having been 
ascertained upon the scales. Trout of this size must bo extremely uncommon, to say 
the least, although it is but proper to state that the testimony upon this point came 
from too many and too reliable sources to be doubted. 

Carson City, 16 miles distant from the lake, aflcirds a market for large quantities of 
fish, which readily bring about 18 cents per pound. The chief supply, however, goes 
to Virginia City and the other mining to%\'ns, where they sell for from 18 to 25 cents 
per pound. 

Salmo pleuriticus Cope. 

l?to Grande Trout 

Salmo pleuritie%u Cap^JJ. S. Geol. Snrv. Montana, 1871, 471.— Cope, Ppoc. Am. Philos. See. Phfla. 1874, 

132.— Cope & Yarrow, Zoology U. S. Geog. Survs. W. 100th M. v. 683. 
Salmo tpUurus snbsp. pleuriticut Jordan, Proc. u . S. Nat. Has. i, 74, 1878. 

Several young specimens of this widely distributed and abundant species were 
secured. The extension of its range west of the Sierra Nevadas is rather unexpected. 
The ijrcvalent theory that most ot the species of trout have a narrow local range is 
hardly supported by a study of our Western forms. In nearly all cases where a series 
of lakes or rivers near together are supposed each to l>e inhabited by its peculiar 
" species," it will be found on comparison of specimens that these " species" can never 
be certainly distinguished, but that they are really based on fishermen's impressions, 



GEOGRAPHICAL SURVEYS WEST OF THE lOOTH MERIDIAN. 199 

dliferent ways of " rising to the fly," color of flesh, or oftener on nothing at all. Such 
a series is made by Salnw najuaycusK the Great Lake Trout ; Saltno confinia, the Trout 
of Lewis Lake ; Saltno adarondtwus^ the Trout of the Adirondacks ; Salmo pallidas, the 
'^ Louge" of Lake Champlaiu ; Sahno stfmm^tricus, the Trout of Lake Wiunepiseogee ; aud, 
finally, Salmo ioina, the " Topue " of the lakes of Maine. On examination of specimens 
snpposably representing each of these nominal species, I am utterly unable to distin- 
guish any of them. They are all trifling or imaginary varieties of the widely distri- 
bnted Salmo (or rather CYistivonier) namaycush. There are but two of our Anierican 
salmon which any one has any good reason to believe are of narrow geographical 
range, viz, Salvelinus oquassa, of tne Rangelcy Lakes, and CrisHcomer siscowet, oi Lake 
Superior, and that either of these does not occur to the northward no one is certain. 

The fishes termed Salmo spilurmt and Salmo pleuriticus by Professor Cope are usually, 
but not always, readily distinguishable by the size of the scab's and the form of the 
head. I consider the former a permanent mountain variety of the latter, which is far 
the more widely distributed form. As, however, the name apilurus has priority of a 
few lines, we should in strictness call the two *'iS'. spilurun" and '*A\ spilurus var. />/fii- 
ri/iciM.*' Although spilurus is evidently the *S'ariety," and pleuriticus the species, we 
can hardly say so in our nomenclature. 

This trout was abimdant in the South Fork of Keni River, beyond which statement 
nothing can be said of its distiibution on the West coast, or of its relative abundance 
as compared with the S. irideuSy the distinctness of the forms not having been recognized 
at the time of collection. 



No. 



Locality. 



\ 



17107 ; South Fork of Kem lUver, Kern County, California. 



Collector. 



H.W. Henflhaw 



Date. 



— , 1875 



FamUy PERCID^. 

Genus AMBLOPLITES Rafinesque. 

(Subgenus Archoplites 6111.) 

AMBLOPLITES INTEBRUPTU8 Girard. 

California Perch, 

Cenirarehus interruphts 6d., Proc. Acad. Xat. Sci. Phila. 1854, v. 7, 129 ; ib. 1856, v. 5, p. 00.— Giinther. 

Cat. Acanth. Finhea in Brit. Mum. v. 1, p. 257. 
Centrarehtu maculoms Ayres, Proc. Cal. Acad. Nat. Sci. 1855, v. 1, p. 8; ib. Proc. Boat. Soo. Nat. Sci. 

18.55, V. 1, p. 8. 
AmbU^lites interrupttu Gd., Expl. and Snrv. for R. B. Bouto to Pac*. 1857, v. 6, Ab1)ott'8 Route, p. ; 

ih. 1858, V. 10. Fiahcs, p. 10. pi. 2, f. 1-4; ib. v. 16, Whipple's Route, 1858, p. 48; t6. v. 10, 

WilliAm«on'8 IUi\\U\ 1858, p. 83. 
Arehoplitea interrupttu Gill, Proc. Acad. Nat. Sci., Phila. 1861, [v. 13,1 P- 165.— Cooper, Nat. Wealth 

Cal. by Cronise, p. 487.— Jordan, Bull. U. S. Nat. Mua. No. 10, 1877, 34. 

NnmerouH sperimens of tbis abundant species, tlie only fresb-water Percoid found 
west of tbe Rocky MountaiiiH, are contained in tbe collection. Tbe cbaracters distin- 
gniHliing thisfisb from tbe Rock Ba«s of tbe Eawt {AmblopUtes nipestris) are quite num- 
erous, but ntme of tbcin are independently of generic value. I bardly see tbat col- 
lecAirely tbeir value should be generic. True generic characters cannot be made by 
adding up specific characters. 



No. 



Locality. 



17091 , Kern Lake, Kem Comity, Califomia. 



Collector. 



H. W. Hcnahaw 



Date. 



— , 1875 



Family COTTID^. 

Genus URANIDEA DeKay. 

(Subgenus Potamocottus Gill.) 

Uranidea gulosa (Girard) Jordan. 

CottopttM guUmia Girnnl, Proc. AcaA. Nat. Sci. Phila. v. 7, IBM, 129 ; ib. £xp. and Surv. for R. R. 

Rout4' to Pacific, 1857. v. 0, p. 10; ib. Expl. and Surv. for R. R. Route to Pacific, Fishes, p. 

53.— Cooper, Nat. WeAlth Cala. hy Cronlso, 1862. p. 492. 
Potamocottus Qutotu4 (Jill Proc. Acad. Nat. Sci. Phila. [v. 14,] 1862, p. 332. 
Pegediehthys gulonts Jordan &. CoiM'lnnd, Bull. Ruff. Soc. Nat. Sci. 1876, v. 2, p. 139. 

A fiiitgle large specimen in poor condition. It agrees closely with Girard's Cotiopsi^ 
gulosusy being evidently not a species of Cottopsis, It much resembles the Eastern 
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Uranidea (Poiamocothis) meridiondii». In fact, from the examination of this single spe- 
cimen, I am unable to see that it differs at alL Uramidea vheeleri Cope seems to be shm- 
mer, with a longer head and shorter anal. 



No. 


Locality. 


CoUector. 


Date. 


19 


Tmum's VpkllMv. M^mIo^s 0>nnty. OltfomiA . , 


H. W. Henahaw 


Aug. 9, 1877 







The species of this curions family are rather rare in Western collections, for the reason 
that owing to their peculiar habits they are not easily found unless one knows Jnst 
where to look for them. They probably exist in nearly all the lakes and streams of size 
throughout the West where the bottom is suiterl to them, pebbly or sandy iMttom being 
the best. During the day they lie closely hidden under tne rocks or sunken logs, only 
occasionally venturing out, wlien they are to be seen hugging close to the bottom and 
almost motionless. They appear, in fact, to Ire nocturnal rather than diurnal in habits ; 
and at Fallen Leaf Lake, near Tahoe, we remember to have seen them make their 
appearance in considerable numliers jnst at nightfall, swimming then boldly in alonj; 
shore. They are very sluggish in motions, and, when frightened, swim only a few 
feet, and then settle snugly down on the sand or among the rocks, with the evident 
intent of eluding search by n^ason of their incons[>icuousue8s, their colors being nicely 
adjusted to the tints that habitually surround them. 

URAXroRA VHEKLERI CopC. 

Vranidea vheeleri Cope, Proc. Am. Fbilos. Soc. Fbfla., v, 1R74. p. 138 : Rep. Plaidopt and IcbthyoL Utab, 

p. 12.-^ope and Yarrow, v. 5. Zoolof^' U. S. Geoe. Surv. W. 100th M. 187a, nM (orig. deoc.). 
PegediehthyM vheeUri Jordan Sc Copeland, Boll. Buffiftlo Soc. Nat ScL 1876, v. 2, p. 139. 

This species was first described from Utah, where it was collected by the expedition. 
It has since been taken at Camp Harney, Oregon, by Capt. Chas. Bendire, U. S. A., 
and it doubtless occurs elsewhere in that region. The single specimen secured ap- 
proaches very closely to the U. guloM, and may be the same. It seems to differ in the 
slenderer body, the head being ^ in length, without caudal, instead of 3, as in guio- 
M. There are no prickles l>ehind the pectorals, while these are present in gulota. 
The isthmus is a tnffe broader. 

FarnQy GASTEEOSTEID^. 

Genus GASTEROSTEUS Linnwus. 
Oastbrosteus plebeius Girard. 

Oiuteraeteus plebeivi Girard, Proc. Acad. Nat ScL Phila. 1854, v. 7, p. 147.— Ayrea, Proc. CaL Acad. Kat 
8cL 1H.55, Y. 1, p. 40 (from Sau Jon^) : ibid. 1855, v. 1, p. 48 (name only).— Gd., Exnl. and Sarr. 
for R. R. Route to Pac. ]8i>8. y. 10, Fwlies, p. 86.— Giinthcr, Cat. Finhea in Brit. Mas. 1850, y. 1, 
p. 2 (d. B.). — Cooper, Xat. Wf«lth Cal. by Cronlae, 1868, p. 491. — Saavage, Nouy. Arch. Mua. 
d'Hist. Nat. Pam, 1874, t. 10, p. 18, pL 1, Ag. 10. 

Numerous specimens of a small Stickleback, agreeing i)erfectly with Gusterosteui 
plebeius Girard, not c^nite so well with Gast^rosteus inophiatu9 Girard and Gwiterostetu 
microcephaluji, and still less with Oasterotiteus pugeiii Girard. It does not differ from 
any of the four in any essential ^>oint, however, or in any way to suggest that the 
four descriptions published by Girard are descriptions of species rather than of spc*- 
cimens. It is probable, therefore, that microcepkafnSj pugetti, \nopinatu9, taid. plebeius are 
one and the same species, for which the oldest name, microcepnaluSy is to be retained. 
My specimens have four distinct thoracic jilates, behind the last of which the body is 
naked. In some, the ventral spines extend beyond the "(w innominatum" 'y in others, 
the spines are shorter than the bone. The sides of the specimens are silvery, barred 
and mottled like a young trout or parr. 



No. 


Locality. 


Collector. 


Date. 


17002 


Oiai Creek. Ventara Cottntv. California 


H.AV.Hen8haw 


,1875 









The locality below given is the only one where we have ever seen this Stickleback. 
It was numerous enough in this small stream, being there found with the Salmo. irideus 
as its only inhabitants. 
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Appendix K 1. 

list of biarins fishes collected on the coast of california, near santa 
barbara in 1875, with notes bt dr. h. c. yarrow, acting assistant surgeon 
u. 8. a., and h. w. henshaw. 

United States Engineer Office, 
Geographical Surveys West of the 100th Meridian, 

JufM 1, 1878. 

Sir: The following list includes such species of the fishes collected on the coast of 
California during the season of 1875 as we have been able to identify. A number of 
other species were secured, but have not been introduced here, as, differing more or less 
from accepted forms, it has been deemed advisable, before pronouncing definitely upon 
them, to wait for Professor Gill's " Bevmon of the Fishes of ths West Coast of the United 
StateSy" now in course of preparation. The fishes obtained form a portion of the marine 
collections made by the natural-history party, which was especially organized for the 
purpose of exploring the neighborhood of Santa Barbara for Indian antiquities. No 
thorough investigations in this direction could be attempted, which is the more to be 
regretted as the waters about Santa Barbara and the contiguous islands are extremely 
rich in marine life, but the collections were limited to sucn as could be made ii^dthout 
interfering with tne main purpose of our visit. Through the courtesy and at the sug- 
gestion or Captain Taylor, of the Coast Survey steamer Hassler, a visit was made to 
the island of Santa Cruz by Mr. Henshaw for the express purpose of using the Hassler's 
seine, a rich haul being anticipated in the shallow water of one of the small bays of the 
island. Unfortunately, unpropitious weather interfered very seriously with the plan, 
and but few pecies rewarded such efforts as were possible under the circumstances. 

We are indebted to Mr. Paul Schumacher, at tnat time exploring the mounds on 
Santa Cruz Island at the instance of the Smithsonian Institution, for many specimens 
in the collection. Owing to the obliteration of most of the labels, we are unable to 
credit him or the other collectors in full. 

Very respectfully, your obedient servants, 

H. C. Yarrow. 
H. W. Henshaw. 

Lieut. Geo. M. Wheeler, 

Corp« of Engineers, in charge. 



PLEUBONECTID^. 

Platichthys sp. 

A few specimens of flounders were taken in nets near La Patera, north of Santa 
Barbara, which we have not determined. 



Smith. 
No. 


Grig. No. 


Locality. 


Date. 


Collector. 


No. of 
speca. 


17063 


1046 


La Patera 


July, 1875 


Dr. H. C. Yarrow 


4 











Parophrys vetulus Grd. 
A single specimen, from same locality as preceding. 



Smith. 
No. 


Orig.No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


1 

17064 1 1020 F 


La Patera 


July, 1875 


Dr. H. C. Yarrow 


1 




• 









BLENNIIDJE. 



Hbterostichus rostratus Grd. 



A peculiar and readily recognized species from the extreme length of the dorsal fin, 
which reaches from the occiput nearly to the caudal. The anal is also very long. The 
lateral line is arched above the pectorals. Color yellowish-brown above with trans- 
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verse browniBli blotches. Is quite abnndaut near Santa Barbara and esteemed as an 
excellent table-fish, but to our taste is far inferior to some of the other species. 



Smith. 
No. 



17021 
17022 
17023 



Orig.No. 


1018 A 
1020 B 
1070 r 



Locality. 



Bate. 



Santa Barbara 

do 

do 



Julv, 1875 

.'.'.'Ao'.'.y.. 



Collector. 



No. of 

specs. 



H. W. Henshaw . 
Mr. Schumacher . 
Dr. H. C. Yarrow 



2 
1 
2 



BATRACHIDiE. 

PORICHTIIYS NOTATUS Grd. 

Color in life dark bluish-violet ; belly and sides silvery ashy- white. The four series 
of pores on each side resemble spots of K<>ld* There is a dark patch beneath each eye. 

Abundant near Santa Barbara. Although repulsive in appearance, this 8|>eeie8 is 
justly esteemed as a most delicate and edible food-tish. Bites readily at the hook. 



Smith. 
No. 


Orig. No. 


Locality. 


Date. 


CoUoctor. 


No. of 
specs. 


17046 


1020 


Santa Barbara 


Jnly, 1876 


Dtt H, 0. Yftrmw 


5 













COTTID^. 
Clinocottus analis (Grd.) Gill. 

This is an abundant species along the coast, and, at low tide, may be found in almast 
every little pool, where it hides beneath the rocks and among the sea- weeds. Like 
other members of the family, its colors are protective, the hues corresponding so closely 
with surrounding objects that it needs careful scrutiny to detect the fiish. Doubtless 
this fact is of use as enabling the fish to seize its unwary prey. 



Smith. 
No. 



17059 
17060 



Orig.No. 



964 

848 



Locality. 



Santa Cmz Island. 
do 



Date. 



June, 1875 
...do 



Collector. 



H. TV. Henshaw 
Dr. O. Loew 



No. of 
specs. 



2 
2 



SCORP^NID-^. 

Sebastomus rosaceus (Grd.) Gill.— Rosy Rock Cod. 

Fishes of this genus are called on the coast "Rock Fish" or "Rock Cod," and vary 
in size from 1 to 4 pounds. The flesh is fine-grained and excellent, and many are caught 
for the market by the Italian fishennen, who readily dispose of all they can take. They 
abound in localities in the vicinity of the Santa Barbara Channel islands, and are 
easily taken with hook and line, the best bait being either crawfish (lobster, so called) 
or the fleshy parts of HaliotU, Occasionally they are caught by trolling. 



Smith. 
No. 


Orig.No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


17057 


1011 A 
1011 B 


Santa Barbara 


Julv, 1875 

.An 


Dr. H. C. Yarrow. 


1 


17040 


do 


H. W. Henshaw 


1 













LABRID^. 

PiMELOMETOPON PULCHRER (Ayres) Gill. 

This large and beautiful species is quite common on the southern coast of California, 
and specimens were seen at Santa Barbara which had been taken near San Miguel 
Island in the channel. Dr. Streets, U. S. N., secured one specimen on the coast of 
Lower California 27 inches in length, 7 inches in height. 



Smith. 
No. 


Orig.No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


17042 




Santa Barbara 


July, 1875 


ITarrow &, Upmihaw 


2 
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POMACENTRID^. 

Hypsypops kubicundus (Grd.) Gill. 

Tolerably common. A single beautiful specimen secured, which was bright red in 

life. 



Smith. 
No. 


Orig.No. 


LoofOity. 


Bate. 


Collector. 


No. of 
specs. 


17043 


1017 B 


SantiA BarharA 


July, 1875 


Dr. H, C. Yarrow 


1 











Chromis atrilobatus Gill. 
A few specimens collcct<»d near Santa Barbara. Is rather nncommon. 



Smith. 
No. 


Orig. No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


17042 




Santa Barbara 


July, 1875 

■ 


Yarrow St. Henshaw 


1 











SCOMBRID^. 

At Santa Barbara, in July, a number of specimens belonging to this family were 
taken by hook and line, off the wharf, by boys. They were called "Pompano" ; but, 
as none could be purchased, we have not been able to' identify the species. 

SCLfiNID^. 

Menticirrus undulatus (Grd.) Gill. — King-fish. 

Color above ashy silvery- white, with brownish- white spots forming undulatory 
bamis ; beneath, of a paetallic yellow. 

This species appears to be tolerably abundant along the coast, as near Carpenteria, 
bolow Santa Barbara, and numbers were frequently seen in the boats of the fishermen. 
The largest not^ were about 10 inches in length. 



Smith. 
Na 


Orig. No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


17039 


1017 


Santa Barbara 


July, 1875 


Dr. H. C. Yarrow 


1 











SERRANID^. 
Paralabrax clathratus Grd. 

Color brown above, with a purplish shade; below, dull whitish. A series of dark 
blotches along the sides and back. 

Abundant near the islands in Santa Barbara Channel, where generally found in 
cios(» proximity to the rocks. We had no difficulty in getting them to take the hook 
when baited with mussel or shellfish. Our slender supply of hooks and lines was, 
however, entirely exhausted in vain attempts to laud one of these large and voracious 
ti.sh, their strength proving equal to every emergency. 



Smith. 
No. 


Orig.No. 


Locality. 


Date. 


Collector. 


No. of 
8i>eos. 


17037 


946 
C 


Santa Cruz Island 


June, 1875 
July, 1875 


H. W. Henshaw 


6 


17038 


SantA Barl>ara . r , r r 


Dr. H. C. Yarrow 


7 











SPHYR^NID^. 

SPHYRfiNA ARGENTS A Grd. 

Color bluish-black above ; white on sides; beneath, yellowish with a dark lateral 
line: silvery reflections. Abundant near Santa Barbara and to the southward. Are 
f^i'uerally taken in nets or by trolling. Eaten by the poorer classes. 



Smith. 
No. 


Orig. No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


17035 


1076 D 
1020 B 


Santa Barbara 


July, 1875 

GO 


Dr. H. C. Yarrow 


2 


17036 


do 


Yarrow & Schumacher 


1 
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ATHERINID^. 

Chirostoma californiensis (Grd.) GilL — California Smelt. 

This beautiful species is extremely abundant in the vicinity of Santa Barbara, and. 
in fact, all along the coast. Great numbers are taken by the fishermen in nets and 
also by hook and line, immense hauls being sometimes made by the former method. 
They frequent the sandy and muddy bays from February to October, April being 
about the height of the season. They bite ravenously at any kind of bait, worms, 
mussels, &c. Specimens are occasionally taken weighing two pounds. They swim. Id 
enormous schools, about 3 feet below the surface of the water. 



Smith. 
No. 


Orig. No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


17015 


1020 A 
1019 
1076 G 
1076 B 
945A 


Santa Barbara 


July, 1875 
. do 


Dr. H. C Yarrow 


3 


17016 


do 


H. W. Henahaw 


4 


17017 


do 


do 


do 


1 


17018 


do 


... .do 


Dr. H. C. Yarrow 


2 


17019 




June 


do 


1 


17020 


RantA BarhAra 


Julv 


do 


1 




1 


V UA J ...... 







OXYJULIS M0DE8TUS (Grd.) Gill. 

Color reddish-brown, lighter on the sides, yellowish-white beneath ; a black spot 
at base of dorsal rays and a similar blotch at base of caudal fin. 

Common along the coast ; many are taken at Santa Barbara, inside the kelp, with 
hook and line and nets. Some specimens secured are much larger than any noticed 
by Girard. 



Smith. 
No. 



Orig. No. 



17024 
17025 
17026 
17027 



1076 A 
1076 C 
1020 E 
1012 



Locality. 



Santa Barbara 

do 

do 

do 



Date. 



Jnlv, 1875 

do 

...do 

...do 



Collector. 



Dr. H. C. Yarrow. 

do :.... 



Dr. H. C. Yarrow. 



No. of 
ap«c«. 



1 

7 

1 

50 



EMBIOTOCID^. 

The viviparous or Sapphire Perch, so called, are very numerously represented all 
along the Pacific coast, 15 or 16 distinct species being recognized. Most of them will 
take almost any kind of bait readily, but the smaller species bite the best. 

Embiotoca jacksoni Agass. 

Color dusky-brown above, with patches of rufous or yellowish-brown beneath. 
Many are taken at the Santa Barbara wharf, in company with others of the genus. 



Smith. 
No. 


Orig. No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


17047 


1018 B 
IftUB 


Santa Barbara 


Jnly. 1876 
do 


Yarrow Sc Henshaw 


1 


17048 


do 


Dr. H. C. Yarrow 


•» 


17049 1 lOTBC 


do 


do 


do 


1 


17050 


088 A 


do 


do 


do 


1 













T.«:xiOTOCA LATERALIS (Agass.) A. Agass. 
A single specimen secured, thought to be of this species. 



Smith. 
No. 



Orig. No. 



17051 



Locality. 



Santa Cruz Island 



Date. 



July, 1875 



Collector. 



RW. Henshaw. 



No. of 
specs. 



CyMATOG ASTER AG6RE6ATUS GibbonS. 

This species, formerly known as ffoloonotus rhodoterus Girard, is by far the most abun- 
dant of the viviparous perches near Santa Barbara, and we have taken hundnxls off 
the wharf at that place with the hook baited with lobster. It struck us as ver>* pe- 
culiar that nearly all the indiWduals taken were females gravid with young, which at 
this time (July) appeared to have almost reached maturity. Upon gently sqiitH^zing 
the abdomen of fish .just taken from the water, the genital sac escaped, and through 
the transparent membrane the young fish could be seen. Some of the sacs were cut 
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ipen, and the youngs thrown into the sea, when they immediately swam away porsned 
*T other species. This rather rude obstetrical operation did not seem to aflect the 
.^ofnil condition of the mother, who also swam briskly away when thrown into the 
t»tfr. The number of youn^ in the pouch varies from 8 to 20. The genital orifice is 
i-hind the anus. As foo<l, the ^-iviparous perch may be compare<l in resi)ect to flavor 
n the ordinary white perch of the Eastern waiters, but the flesh is less tine and a trifle 
tn>u)f in flavor. 

Color above varies from silvery gray to bluish gray, with transvene golden bars on 
h»» Jn-lly. It is generally supposed to arrive off the coast in May. 



•anith. 


Orig. No. 


LocaUty. 


Batew 


CoUector. 


No. of 
specs. 


lT.n:^ 


1014 

745 

1073 B 

1076 

1011 

A 

OglA 
1073 


Santa Barbara 


July, 1875 
Jane, 1875 
July, 1875 

ao 

do 


Dr. H. C. Tanow 


1 


!TrH> 


Santa Cruz Ldand 


H- TT. Henshaw 


3 


!T C'J 


Santa Barbara 

do 

*« 

do 


Dr. H. C. Yarrow 


B 


lli<il 


do 


SO 


IT'JCtt 


do 


45 


iT-eo 


....do 


do 


1 


ITtIM 


do 


... .do 


do 


75 


1TJ61 


do 


do 


do 


10 













ffVPEJtPKOSOPON ABGENTEUS GlbbOUB. 

Color ashy-brown above ; sides and abdomen duU yeUo wish- white ; fins yellow at 
^•'<, gra^-ish near extremities. 

U j;«*nerally found on the coast to the north of San Francisco. Is tolerably abun- 
Unt. Our specimens were purchased of fishermen, and we are unable to say if this 
•p^ies will take the hook. 



^;U'^iorig.No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


i:o.i2 B 


^nfA "RArbara . . 


July, lff75 
. .. .do . 


Dr. H. C. Yarrow 


1 


IToa 1076 H 


do 


do 


2 













HfJLCOXOTUS RHODOTERUS AgaSS. 

Color greenish-brown above, silvery on sides ; obscure bars or band along sides. 
Two si>ecimens were procured from fishermen. Like the preceding, this lish is found 
irther to the north. 



Smith. 


Orig. No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


ITOH 


1020 C 


Santa Barbara 


July, 1875 


Yarrow A- Hei»«»ha'W' 


2 











iUPHISTICHUS ARGENTEUS AgaSS. 

Color olivaceous, presenting a somewhat mottled appearance : sides silver^' ; indis- 
tinct bars oil the flanks. Resembles the preceding species, but differs iu conformation 
Jf the lower lip, which is united, not fi«e. 



"^f Orig. No. 


Locality. Date. 

1 


Collector. 


No. of 
specs. 


17035 1014 B 


Si^nta Barbara , 


July, 1875 


Dr. H. C. Yarrow 


2 











GALEORHINID^. 

fRIAaS SEMIFASCIATUS Grd. 

R*'prpsentatives of this family were quite numerous at Prisoner's Harbor, Santa 
Crwz Island, being attracted inshore by the numeroxis carcases of sheep killed and 
thrown into the water. Young only were secured by the seine. 

Smith. 
5o. 

17M5 

Lieut. George M. Wheeler, 

Corps of EngineerSy in charge. 



Orig. No. 


LocaUty. 


Date. 


Collector. 


No. of 
specs. 


1076 C 


S^nfa BarbaTa , . . . 


July, 1875 


Dr. H. C. Yarrow 


1 









206 REPORT OF THE CHIEF OF ENGINEERS. 



Appkxdix L. 

report upon the reptiles and batrachians collected during the yeabsof 
1875, 1876, AND 1877, in California, Arizona, and Nevada, by dr. h. c. yar- 
row, ACTING ASSISTANT SURGEON, U. 8. A., AND H. W. HENSHAW. 

United States Engineer Office, 
Geographical Surveys West of the 1(K)th Meiudian, 

fVashington^ D, C, June 30, 1878. 

Sir: The collection of Reptiles and Batrachians upon which the following re^wrt is 
based was made in California, Arizona, and Nevada dxiring the years 1875, 1876, and 
1877, and, while not embracing a largo number of species, has seemed of snflicient 
value and interest to render a brief paper necessary, which it is hoped may prt»ve a 
slight contribution to our her])etological knowle<lge. Although no new 8peei<'s are 
described, and more or less of the fonns have been collected in previous years l)y the 
expedition, yet quite a number of those enumerated have been secured by the col- 
lectors of the different parties for the first time in the history of the survey. 

It will be found that some few facts have been noted regarding certain species, tb'ir 
habits and geographical distribution, that are now at least to us, and may be to oth♦'^; 
they are given for what they are worth. With much diffidence, and wo trust with 
becoming respect, we have deemed it proper to differ in some particulars with the 
fathers of American herpetology, Holbrook, Baird, Girard, and Cope, and eanitJ^tly 
hope that we have been able to conclusively show our reasons therefor; if we bav*- 
erred we can at least claim the merit of having written according to our conscientioui 
convictions and after a thorough and careful consideration of the many specimens in 
the suite of reptiles in the National Museum. 

In going over several of the genera, especially of Serpents, we have followed the 
example of Professor Cope, and seen fit to reduce the number of species, and ve 
earnestly believe with him that if more attention were paid to examining certrtiu 
forms showing aberrant tendencies, instead of constantly striving t-o establish n» w 
8p<*cies, l)ettcr results and more philosoi)hical would be the consequence. Fnmi thi^ 
statement it is not to be inferred for a moment that we are inclined to throw doul»t? 
ui»on the very excellent hen>etological work of earlier authors; for it is to be reu»»'ni- 
bered that, at the time when many of the 8i)ecie8 were described, for instance, bj 
Baird and Girard^ in many instances only single specimens were available for stud) ; 
hence no comparis<ms could be made, and perhaps individual peculiarities were mis*- 
taken for constant traits. As collections have increased year by year under the 
fostering hand of the general government, opportunities for study have correspond- 
ingly advanced, and wo are now in better condition to determine generic and si^cilic 
differences. 

As matters of 8])ecial interest in this paper, attention is invited to the notes regard- 
ing the genera Pityophla, Bascanium, and Eutaeniaf and with regard to SctloporH'. 
as also some facts in connection with the PhrynoaomcPy or "Homed Toa<i8," so calH 
An item of interest is the occurrence, far to the eastward, of Charina plumhea, i\ »«• 
rious serpent. 

While it cannot be pretended that the synonymical lists are complete, it wjis intemled 
that they should be so to the extent of the means at our disposal, and we believe all 
the more important references will be found therein contained. 

A list of specimens follows each species, as well to indicate the exact lc»cality 
whence obtained cis to show by whom collected. 

We are indebted to Prof. S. F. Baird, Prof. E. D. Cope, and to Mr. S. C. Brown "i 
the Smithsonian Institution, for favors received while studying the collection, and w 
the assistants of the expedition who have contributed specimens to it. 
Very resjiectfully, your obedient servants, 

H. C. Yarrow. 
H. W. Henshaw. 

Lieut. Geo. M. Wheeler, 

Coiys of Engineers^ in charge* 
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ANURA. 
BUFONIFORMIA. 

BTJFONIDJE. 

BuFO COPEI sp. nov. nobis. 

Head subtriaugulaT, broader than long ; snout acuminate, protmding ; head with 
▼ell-marked groove, which extends to tip of snout : superciliary ridges strongly pro- 
nounced and terminating posteriorly in a slight knob ; orbit bordered ])osteriorly by a 
similar ridge ; upper jaw slightly emarginated ; parotids medium, elongated, twice 
as long as broad, perforated by numerous small pores, situated well back on the 
shoulders; not approximated to the tympanum, wnich is circular and large: limbs 
long and comparatively slender ; palm rugose ; a single well-developed tubercle ; 
fii-st, second, and fourth fingers abolit equal in length, the third longest ; hind limbs 
rather longer than head and body together ; tarsus and metatarsus with small and 
smooth tubercles; body above covered with small and somewhat roughened tubercles; 
under iiarts finely papillated ; metatarsal shovel large. 

Colors, — ^A broad, median, yellowish-white stripe passes from the snout to anus, on 
either side of which are strix>es and spots of the same varied with black ; sides also 
couspicuonsly striped or barred : under parts densely maculated with irregularly 
«lia]H*d blotches and spots of black ui)on a ground-color of yellowish -white ; the head 
junl upper jaw are also variously barred ; limbs marked transversely with black. 

Habitat, — Hudson's Bay ; James Bay. 

This is the most brightly colored species of the genus inhabiting our territory, and 
presents, by reason of the contrasted tints, a very marked appearance. This is 
apparent in the alcoholic s])ecimens, and in lifo the colors must be still more striking. 
Slight comparison only is necessary to show its distinctness from any other of our 
spt'cifs. From cohimbicnsi$, the only other species recognized from the same region, it 
Is to be distinguished not only by its very different i)attem of coloration, but also by 
the presence of the well-developed temporal ridges, these being slightly indicated or 
entirely wanting in that animal; added to this are the shape of the head, the shape 
and position of the parotids, the somewhat slenderer limbs, the fewer and different 
taliercles, &c. 

The development of the superciliary ridges seems to place the species nenTlenHginosua, 
from either of the five varieties of which it differs veiy decidedlv. 

A large number of specimens collected by Kennerly in the neighborhood of Hudson's 
Bay are in the Smithsonian collection. The extreme size attained by the species is 
prf»bably represented, and there are many immature individuals. Tlie largest speci- 
mens measure about three inches in length and five and one-half inches from tip of 
none to end of ontstretched hind leg. This extreme is much less than that attained 
by the B. columbienfiis from the Columbia River region. 

The occurrence of this highly colored Batrachiau at a locality so far to the north as 
Hudson's Bay seems an apparent contradiction to the general law which is susceptible 
of Huch extensive application throughout the animal kingdom, under which the most 
brightly colored species of a family are of southern distribution and present marked 
contrasts to their more somberly tinted relatives of nortbem climes. In this instance 
the case is reversed, for all the other members of this family in the United States are 
unifonnly dull-colored, and in no respect approach the bright tints of the present species. 

One other equally marked exception tathis law which we recall may be cited, the 
Carabus vietingkoviif a most highly colored beetle inhabiting the region of Hudson's Bay. 

It is possible that in some comparatively restricted area in this high latitude not 
yet determined, there exist some climatic peculiarities which are the direct cause of 
tluH brilliancy of color in the two instances cited, and which may be of wider applica- 
bility than at present suspected ; other species affected in a similar way may remain 
t<* be detected. 

In this connection may be mentioned a similar tendency shown in several species of 
binlH, which are mainly restricted to the Hudson's Bay region ; thus the u^giotkua 
Itnariay the Bubo virginianu8t and the Falco saeer are each represented here by a cfarker, 
more richly colored race. These species doubtless inhabit such portions of this region 
[>nly as are heavily timbered, and as a matter of course subject to considerable moist- 
nre. The changes brought about indicate c(mditions similar to those obtaining in 
Ow densely timbered coast regions of the Northwest. 

Doulitless much of the bri^tness of tint seen in our Batrachiau is the result of the 
extreme heat which prevails here during the very short summer, added to the effects 
[>f the local moisture.* 

* To this cause Lient«nant Carpenter attribntee the bright colors of the Oarabui. See Annual Report 
)f this Survey, 1875, p. 802. 
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We take great pleasure in dedicating this species to Prof. E. D. Cope, whose labors 
have done so much toward advancing the science of herpetology. 

BuFO HALOPHiLUS Baird. 

B^fo halophUa Bd. & 6d., Proo. Acad. Nat Sci. Phila. 1853, 301.— Bd. & GtL.U. S. and Hex. Boxmd. Sqit. 

it Rept. 1859, 26, pi. 41, figs. 7-12. 
B^fo halophilus Cope, Chcek-List N. A. Batr. and Kept 1875, 27. 

This appears to be the common toad of much of .the west coast. In general ap)>ear- 
ance it much resembles the B. oolumhienjm of the Columbia River region and Montana, 
from which, however, it seems to be perfectly distinct. The numerous warty excn*;*- 
censes on the upper parts of the latter are large and rough, and have much the same 
appearance and structure a» the parotids. The seeoud forefinger is considerably longer 
than the inner, just the reverse of which is true of halopnUus, in which also the 
warts are smaller and smoother as well as less numerous. 

Most of our specimens were obtained in midsummer from pools of water, and are 
nearly all very young. As is usual in this family, they are much spotted below, instoml 
of being nearly or quite unicolored, as are the adults. This species was found to be 
very numerous about Lake Tahoe, and also near "Virginia City, Nev., as well as along 
the California coast. Its range is thus extended across the mountains and east of the 
Sierra Nevada. ^ 

List of specimens* 



8091 
8603 
8095 
8098 
8078 
8699 ; 
8690 I 
8681 



Santa Barbara, Cal 

Lake Tahoe 

Virginia City, Nev 
FortTojon,Cal ... 
Santa Barbara, Cal 

do 

Lake Taboe 

do 



Collector. 




1875 
1875 
1875 
1875 
1875 
1875 
1876 
1876 



Dr. H. C. Yarrow. . . 

ILW. Henshaw 

do 

do 

do 

Dr. H.C. Yarrow.. 

H. W. Henshaw 

do 



No. of 

8pCC«. 



1 
1 
1 
1 

30 
3 

m 
I 



ARCIFERA. 

HYLID^. 

HYLA. 

Htla regilla Baird. 

Hyla reffiUa Bd. & Gd., Proc. Acad. Nat. Sci. Phila. ri, 1852, 174; 1853, 301.— Gd., HerpU. a ExpL 
Exped. 1858, 60.— Coop. & Sackl., Nat HistWaah. Terr. 1859, 304.— Bd., P. R. R. Kep. x. I^« 
12, pi. 28, fig. 3. 

Hyla geapuiarit Hallow., Proo. Acad. Nat ScL Phihk vi, 1852, 183.— Hallow., P. R. B. Rep. toL x, IS», H 

A large suite of specimens of this species was secured in California, where it app^'an 
to he the prevailing form. In June, vast numbers of the young, in all stages, from tl>e 
tadpole to the fiilly developed Hyla, were found in a stagnant pool upon Santa Cnu 
Island. At this season, they appear, young and old, to spend most of the time in the 
water. The variations in color to be observed here were quite remarkable, siiecimens 
exhibiting all the shades of gi'een and brown to black, no two in fact apj>earin2 
exactly comparable. Immersion in alcohol soon destroys the tints and they becoioe 
more uniform. The exact configuration of markings varies also very much. " 

List of specimens. 



No. 



8682 
8680 
8680 
8688 
8692 
8701 
8702 
8703 
8704 
8687 
0409 
0500 



Locality. 



Lake Tahoe 

Santa Barbara, Cal — 
Santa Cmz Island, Cal 

Santa Barbara, Cal 

Lake Tahoe 

Santa Barbara, Cal 

Mount Whitney, Cal . . 

Fort Tejon, Cal 

Lob Angeles, (^al 

Fort Tejon, Cal 

Lake Tahoe 

Southern California . . . 



Date. 



1876 
1875 
1875 
1875 
1876 
1875 
1875 
1875 
1875 
1875 
1876 
1875 






Collector. 



• No. of 
I speCk 



H. W. Henshaw 

...do 

. . . .do ... ... 

do 

do 

do 

— do 

. . . .do 

WUliam Somera 
H. W. Henshaw 

do 

do 



1 

I 

1 
4 

1 
] 
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Htla arenicolor Cope. 



Syla ajbua Bd., Proc. Acad. Nat ScL Phlla. 1854, 61 (not of Spix) ; id., U. S. and Hex. Bound. Snrr. Bep. 

U. 1859, 29, pL28, flg8.i-7. 
^yla ormieolor Copo, «l<mm.Acad. Nat ScL PhUa. 1866, 84; {d., ProcAoad. Nat Sci. Phila. 301; id., 

Check-Liat N. A. Batraoh. and Kept 1875, 31.— Yarrow, voL v, ZooL, XT. S. Ghx>g. Snrv. \?. 

100th M. 1875, 524.— Ooaea, ib. p. 630. 

Apparently rare, as bnt a single specimen was secured. 



Li8t of specimens. 



Na 


LooaUty. 


Date. 


Collector. f^'^ 


8694 


8oathc*m CftlifomiA 


1875 


H. "W- TTAti«hp>w 2 







SOAPHIOPID-^. 



SPEA. 



Sfea stagnalis Cope. 

Spea ttoffnaUg Cope, apud Yarrow, vol v, Zool., U. S. Geog. Snry. W. 100th H. 1875, 525. 

Described by Professor Cope, as above cited, from New Mexico. A single Spea, 
secured at Santa Barbara in 1675, has been identified by Professor Cope as of this 
8i>ecies, thus extending its range widely. 

List of spedmens. 



No. 


LocaUty. 


Date. 
1875 


Collector. 


No. of 
specs. 


8699 


Sante BarhanL Cal 


Dr. H. C. Yarrow 


1 









RANIFORMIA. 

RAN A. 
Rana temporaria aurora (Bd.) Cope. 

a. TRKPOBARIA. 

JZana temporaria Linn., Syst Nat ed. 10, p. 213, No. 13. — Shaw, Gen. ZooL voL 3, p. 07, pL 29. — ^Latr., Hist. 
Rep. t. 2, 150.— Daud., Hist Rain. Gren. Crap. 16, pL 15.— Cav., Rdgno Anim. 2* 6d. 96; t. 2, 



105; et aactor. 



b. AUBORA. 



Rana aurora Bd. & Gd., Proo. Acad. Nat ScL Phila. 1852, 174.— Gd., Herp. 17. S. ExpL Ezped. 1858, 18, pU 
2, figs. 1-4.— Cope, Checklist N. A. Batrach. and Bept 1875, 32. 

Abundant in California. 

List of specimens. 



No. 



8676 
8689 
8700 



Locality. 

Santa Barbara, Cal 

do 

Fort Tejon, Cal 



Date. 



1875 
1875 
1875 



Collector. 



H. W. Henshaw 

. . . .do 

. . . .do 



No. of 
specs. 



1 
1 
3 
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Rasa prehosa Bd. 

Jiana preHota BcL & Gd., Proc Acad. Nat ScL Phfla. vi, 1853, 878.~-Gd., Herp. TJ. & ExpL Exped. toL 20, 
1858, pi ii, figs. 13-18.— Cope, Check-List N. A. Batrach. and Beptl 1875, 32. 

We assij^ provisionally a namber of specimuns to this form, their resemblance bf'ing 
closer than to any other with which we are acquainted. Our specimens are very dark 
in color (coming from a black, muddy, marshy pool in the mountains), and are of a yel- 
lowish-white on the under surface of the abdomen and legs. 

List of specimens. 



1 
No. Locality. 


Bate. 


Collector. 


Naof 

•pee»- 


8683 


Snnt-hom CAlifornf A , 


1875 
1875 
1876 
1875 
1876 


ILW.Henahaw 

. . . .do 


15 


8684 


do 


4 


8685 


Lake Tahoe 


. . . .do 


13 


8687 


Kern River, Cal 


. . . .do 


6 


8705 


Lake Tahoe 


do 


1 











OPHIDIA. 
SOLENOGLYPHA. 



CROTALID^. 



Crotalus pyrrhus Cope. 

Oaudittma piftrha Copes Proc. Arad. Nat ScL Phila. 1866, 308, 310.— Cones, roL t, Zoology, U. & Geog. 

J^urv. W. lOOth Meridian, 1875, 535, pi. 22. 
Crotalw pfprkiu Cope, Check-List N. A. Kept and Batrach. 1875, 83.—- Streets, BulL Nat Mas^ Na 7, 1877, 

pp. 39. 41. 

Since 1866, when this species was first described by Professor Cope from a skin col- 
lected near Fort Whipple, Ariz., by Dr. E. Cones, U. S. A., two additional specimens 
have been secured, one by Dr. Thomas H. Streets, U. S. N., on Angel Island, Gulf of 
California ; the other, a head only, from the Molave Desert, Arizona, by Dr. O. Lo<»w, 
late of this exj>edition. The 8i>ecimen coUectea by Dr. Streets resembles greatly the 
colored plate in vol. v. Zoology, of this exiMjdition, and is 3^ f'^^t long. This gentle- 
man informs the Authors that on Angel Island the species is very numerous, but-, being 
unrecognized at the time, only a single individual was secured. 

Dr. Lo<*w^8 specimen. No. 8666 (Nat. Mns. Reserve Series), is a small head, which 
corn»»ponds entirely to the description given by Professor Cope. The colors, however, 
are faded and not distinctive. The habitat of this well-marked species is given as Central 
Arizona. It is probable, however, that the species is found generally dispersed along 
our southwestern bonier, and that it is by no means as rare as the few specimens 
secured would seem to indicate. 





lAst of specimens. 








No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


8669 


Moiavn T>AAArt. Ari*<*na 


1875 


Dr. 0. Loew 


1 







Crotajlus CONFLUENTU8 Say. 

Orotahu eonjluenhu Say, Long's Exp. Rocky Mts. ii. 1823, 48.— Baird & Girard, Cat N. A. Kept- pt. 1. 
S«>rp., 1853. 8.— Bil, &, Gd., ErpcL R<m1 River, La. 1853, 217, pL 1.— DunK^ril & Bibron. Em 
Gen. t vll, ia54, 1475.— Bd., P. R. R. Rep. x, 1859, 40; id., U. S. and Mex. Bound. Surv. u, 
R*'pt. law, 14.— Coop. & Siickl., Nat. Hist. Wash. Terr. 1869. 295.— CopejCheck-Li»t N. A 
Rept. and Batrach. 1875, 33. — ^Yarrow, vol. v. Zoology U. S. Geog. Surv. W . 100th Meridian, 
5.30.— CoiieA & Yarrow, Bull. XT. S. Gt»ol. Surv. vol. Iv, No. 1, 262. 



Crotalitt eonJlitenUt (gie) Uarlan, McmL and Pliva. Res. 1835, p. 135. 

Oauditona ecnjlitenta Cone, App. Mitchell's Res. 1861, 122; id., Proc Acad-Nat^ Sci. Fhila. 18061, SQ7.— 
Alien, Proc. Bost. Soc. Nat. Hist, rvii, 1874, 307, 309.-^oueii, voL v, Zoolocy, U. S. Gcoc 
Surv. W. 100th MeridUn, 604. «.* .^ 
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Crotaius UeonUi Hnllow., Proa Aoad. Kat ScL Phila. tI, 1851, 180; id., SUffreaTes^sSxp. Zafiiand CoL Riv. 

1853, 139; id., P. R. R. Rep. x, 1859, 18, pL 3.— Heerm., P. R K. Rep. x, 1859, 25. 
Caudisona leeontei Cope, App. Mitoheirs Rea 1861, 121.— Hayd., Trans. Am. PhiL Soo. xii, 1862, 177.— 

Cope, Proc Aoad. Nat ScL Pbila. 1866, 307. 
CaudUona eonfiuenta var. leeontei Copo, Proc Acad. Nat ScL Phila. 1866, 307. 
CrotaluM cineroeus (nc) Leo. apud Halloir., Sitgreaves's Exp. Zu&i and Col. Riv. 1853, 140. 

An examination of specimens collected by the expedition shows clearly that bnt 
little dependene4) can be placed npon coloration as a specific character for this species, 
a^e as well as difference of locality being added to variations of a purely individual 
character to complicate the matter. The bright bands on the heaa differ greatly in 
different individuals as to distinctness of definition and depth of tint. The dorsal blotches 
also vary much, and are always more distinct in young individuals. In one specimen, 
No. 8596, Kern River, California, are seen tolerably large dorsal blotches, dentate poste- 
riorly, and with , for the most part, quadruple serrations anteriorly. The spots are brown- 
ish-black on edges, the centers a light chestnut. Beneath each blotch on either side 
is a double series of deep chestnut spots, the last reaching the edges of the gastro- 
geges ; toward the tail these spots coalesce and form irregular bands reaching to edge 
of ventral scales, with a series of spots between them. Each ventral scale is macu- 
lated posteriorly, the color fading toward head ; 5 irregular blackish half banrls on tail 
from anus to rattle. Superior labials 16 on right side, 15 on left ; 27 rows of scales. 

In larger and older specimens the dorsal blotches are lighter in color, the margins 
not so well defined, and the lateral rows of spots are very incomplete and almost obso- 
lete. In one specimen, No. 9519, there are Id superior labials on both sides, with 25 
rows of scales ; in another from same locality, No. 9519, there are 15 superior labiala 
on left side, 16 on right, 25 rows of scales. In one the orbit is separated from the supe- 
rior labials by 5 scams, in another by 4. Remarks on similar discrepancies between 
individuals of this species, often from the same locality, might be multiplied almost 
indefinitely. 

The large island in Pyramid Lake, Nevada, is noted for the vast number of these 
reptiles residing there, and during the warm months they are so numerous that it is 
absolutely dangerous to walk about those parts of the island where they are colonized 
without exercising the greatest caution. In New Mexico, also, this species has been 
found to be very numerous by the expedition. In 1876, Lieut. C. M. MorrLwn encoun- 
tered a colonv of rattlesnakes, presumably of this species, under circumstances of in- 
t-erest, as giving us a clew to certain of their habits. The locality was a hill, appro- 
priately named Rattlesnake Hill, in the southern part of the Territory. He places the 
number of rattlers seen during a day spent in occupying the summit as a topograph- 
ical station as from 300 to 500, no fewer than 79 of the reptiles being killed in a little 
over an hour by the party of three. Toward sunset numbers were observed making 
their way in toward the rocks from the south, where perhaps they had been in search 
of food. Or it may be that the place was used by them for winterquarters, and those 
noticed on their way in were en route to join the company prior to the winter hibernation. 
This latter assumption is favored by the late date, October 5.* Mr. Morrison informs 
us that eggs were extruded from the bodies of several of the females as they were 
crashed with stones, and that by this means ho was able to identify the sex and to 
note a very great discrepancy between the shape of the bodies of the females and 
male.s, those of the former being very much flattened. A statement of a similar colony 
is to be found in Kendall's Santa F6 Expedition, vol. 1, p. 160. 



- 


Liet of specimens. 








Na 


LocaUty. 


Date. 


Collector. 


No. of 
specs.. 


aMM) 


Kem River. Califomia 


1875 
1877 


H. W.Henahaw 

. . . .do 


1 


9519 


Pyramii^ TAko, NftVffdft - 


2 











ASINEA. 

COLUBRID^. 

OPHIBOLUS. 
OPHiBOLtJS OETULU8 BOYUi (Linn.) Baird & Girard. 

Ophiboiiu hoylii Baird St Oiraid, Cat^ "S. A. Rept. pt i, Serp., 1853. 82.~Ed., P. R R. R««p. x, 1850, 2; id,, 

U. a and Mex. Bonnd. Suit, ii, Rept. 1859, 20.— Cope, Proo. Acad. Nat ScL Phila. 186d, 316. 
Lampropeltis b&ylii Cope, Proc Acad. Nat. ScL Phila. 1860, 255. 

* This is a noteworthy fact, as midsummer has usually been supposed to be the repro- 
dactive season of these serpents. 

15 WH 
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CororuUa haZUata Hallow., Proc. Acad. Nat Sci. Phlla. 1853, 236 : id., P. R. R Bep. x, 1858, 14. 
Ophibolut getulu* Biibspeoies b<iylii Cnpe, Clierk-Lint N. A. Ropt. and Batrach. 1873, 37. — Yarroir, vol. 

V, Zool., tl. S. Geog. Surv. W. lOOth meridian. 1875, 538. 
OphibolttM getidus boylii Couoh & Yarrow. Bull. U. S. (h^olog. Surr. Terr. 1878, 28S. 
G^hiboUu eonjunctus Copt^, Proc. AcacL Nat ik± Phila. 18«1, 301. 
C^hibolut getulua 8ubapeclc« conjunettu Co]>o, Check-Liat N. A. Rept and Bat 1875, 87. 

In specimen No. 8577, from Santa Barbara, Cal., the number of broail, white, trans- 
verse bauds is 134 ; Baird and Girarcl state them to be 37. These bands on the top of 
the dorsum occupy 1^ or 2 entire scales, gradually widening to 3 or ^ as they reach 
the ventrals. In young specimens the colors are very dark, and in some there are- two 
small red spot* between the occipital plates. In older and living specimens the dark 
sides and belly are of a lustrous greemsh-black bronze, the white bands of a beautiful 
ivory-whit«. 

Habitat. — Pacific Sonoran regions. 

A careful comparison has been made between O. getulus hoyhi and O. geivJvi con- 
junctuSj and while we consider the latter a well-marked variety of ho^Ui we cannot 
admit the very slight characters brought forward by Professor Cope in his very mea- 
ger notice of oonjunctns to Ih?> distinctive of a separate race. Even admitting the fact 
that the margins of the scales in the white cross-bands are black-bordered, which is 
the principal, indeed the only, character given by Professor Cope as distinguishing thin 
form, we consider this to bo qiiite insuflicient. As a matter of fact, Bp<*cimeu8 from 
Cape Saint Lucas, the habitat of this supposed variety, show considerable variation 
in this respect, and in some the dark margins are so slight that they may properly lie 
refemMl to boylii. Specimens of the latter from typical localities also* occasionally 
have the white scales margined slightly with black, which color is oft«n found at their 
bases. 

List of specimens. 



Na 


Locality. 


Date. 

1875 


Collector. '^^' 


8577 


SantA Barbara, California 


L. Sbnmacher 2 









PITYOPHIS. 
PiTYOPHis 8AYI BELLONA (Balrd & Girard) Cope. 

a. BATI. 

Oolvber tnelanolewtu var. sayi Harlan, Joam. Acad. Nat Sci. Fhila. v, 1827, 380 ; id., Me<l. and Phyji. 

Ro8. 1835, 123. 
Coluber sayi Sild., Efw. Phyaloen. Serp. 1837, 157. (Not CortmeOa sayi of Holbrook, or Coluber sayi of 

DeKay, which la Ophiholus.) 
Pituophis sayi Bd. & Gir., Apn. Cat N. A. Ropt 18.53, 152 (in text under CoUtber sayi, p. 151).— Kenn. 

apud Coop. & Siickl., Nat Hist Wash. Terr. 1860, 300, pL 22.— Hayd., Trans. Amer. Phil. 

^c. xii, 1862, 177. 

b. BRLLONA. 

ChurchiUia beUona Rd. & Gir., Stansbnrv'a R(^p. Great Salt T^lce 1852. 350. 

IHtuophis bellona Bd- & Gir., Cat N. Ain. Rept. 1853, 66, 157.— (Jiinther apud Gray, Cat CoL .^Inakeft. 

lJ*r>8, 87. 
Fityophis belloiM Kenn. aptMf'Bd., P. R. R. Rep. x, 1859. WTilHamfton's Ronte. Reptiles. 42.— Kenn. apud 

B<1.. U. S. Mex. B. Sorv. ii, pt ii, 1859, litptilea. 18.— Bd., F. S. P. R. R Rep. x, 18.>9. Beck- 

with's Roiit^. Reptiles, 19.-^Jope, Proc. Acad. Nat Sci. Phila. 1806, 305.— Allen, Proc. Bost 

Soe. Nat HiHt. xvli, 1874, 69. 
PUyophis sayi var. belUma Coi>e, Check-List Bat and Rep. N. A. 1875, 39.— Streets, Bull. XJ, S. Nat 

Mus. No. 7, 1877, 40. 
Pituophis affini^ Hallow., Proc. Aoad. Nat Sci. Phila. tI, 1852, 181.— Hallow., Sitgr. Rep. ExpL Znlli and 

Colorado R. 185.3, 130, 146. 
PUyophis sayi snhHp. bellona Yarrow, vol. v. Zoology, TJ. S. Geog. Snrvs. "W. 100th M. 1875, .S40. 
PUyophis sayi bellona Coues, vol. v, Zoology, IT. S. Geog. Survs. "W. 100th M. 617.— Coues &. Yarrow. 

Bull. U. S. GeoL Surv. Terr. 1878, 282. 
PUyophis nMxi^sanuslhxm. &. Bih., Erp. G^n. vii, 1854, 236.— Giinther apud Grav, Cat Col. Snakea. 18.i«, 87. 
PUyophis sayi sulwj). mexicanus Cope, Clu'<«k-Li8t N. A. Batr. and Rept. 1875, 39.— Yarrow, vol. v, iUool- 

ogy, U. S. Geog. Survs. W. 100th M. 5.39. 
Tolti^er catenifer Blainv., Nouv. Ann. Mn«. Hi.st. Nat lii. 1834, pi. xxvi, figs. 2, 2 a, 2 6. 
Pituophis catenifer Bd. & G«l.. Cat N. A. Btitr. and Rept 1853, 69.— GtLnthor apud Gray, Cat Col. Snakes, 

ISiW. 87.— Gd., IT. S. Exnl.Exp. 1858, W5. 
PUyophis catenifer Cope, Che<'k-LiHt N. A. Batr. and Rept 1875, 39. 
PUuophUvHlkeMi Bd. & Gd., Cat. N. A. Rept. i. 18.53, 71.— Gd., IT. S. ExpL Exped. Herp. 1858, 137, pL ix, 

tigs. 1, 7.— Coop. & SuckL, Nat Hist Wash. Terr. 1859, 300. 

A thorongh examination of the series of specimens each of P. sayi heUona^ m^canwf^ 
and catenifer leaves no donbt in onr minds of the propriety of nniting these three as one 
form under Baird & Qirard's name of beUona, thus leaving bat two varieties, the one 
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(tayi) inhabiting the Eastern refyion, the other (hellona) occnpying the West generally. 
The characters given as distinguishing cateni/er and iiuirtcaiitM from the latter, of which 
th<'y are snpiKised to be Southern varieties, appear to us too slight to warrant their 
(Reparation, and to come quite within the range of individual variation. The scale- 
formula for the head varies greatly in this serpent (hellona'^f the upper labials in indi- 
viduals of the same Bo-called species or varieties presenting a dilierence in number 
which has been given as indicating one or the other of these forms. The dorsal scales 
vary similarly in numlier, and no dependence, as a diagnostic feature, can be placed 
ii]>on the number of carinated or smooth scales. Starting with the idea that each of 
these forms was peculiar to a more or less restricted region, we And individuals ^m 
the same locality presenting characters belonging to the three. Some specimens refer- 
rilde to catenifer as regards coloration if casually examined are really, taking all the 
cliaracters into account, nearest to beilona. It may be stated that Baird and Girard. 
mention as one of the specific points of P. catenifer that the four out«r rows of dorsal 
M-ales are smooth. The type-specimen was from San Francisco, ami as examined by us 
)>reHeuts seven rows of smooth scales, the upper labials on one side being nine, on the 
other eight. It is to l>e noticed, however, that the nnmber of smooth scales varies in 
different portions of the body, a fact apparcmtlv not recognized by thtse authors, the 
numl>er of carinated scales decreasing toward %\ie tail. Thus in this ty[>o it is true 
that near the tail there are bnt four rows of smooth scales, but toward the upper part 
of the Ixxly, near the neck, the number increases to seven or eight. This statement 
applies equally to the other two fonns. 

This beautiful and aberrant form was found to be tolerably common in California 
and Nevada, but none were seen approaching the ^reat size (six feet two inches) of 
the specimens secured in Colorado in 1874. The Cahfomians know this serpent as the 
Gopher or Bull Snake, and it is said to do good service in the destruction of their great 
jiest, the Ground Squirrel, Spermophiliu heecheyU 
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BASCANIUM. 
Bascanium coxbtbictob flavivsntius (L.) Cope. 

a. COIIBTRICTOB. 

Coluber e&Mtrietor Linn., Svst Nat. i, 1786, 385.— Gm., Linn. Svst Nat ©d. xlil, i, ill, 1788, 1109.— Shaw, 

Gen. Zoology, 464.— Merr., Tent 1820, 108.— Latreille, Hist Nat Rent 1825. iv, 178.— Daiidin. 

ibid, Ti, 402.— Lac, Hist Nat Serps. t il, 309.— Fitzlnger, Nen, (-lass, der Kept 1828, 57.— 

Harl., Joum. Acad. Nat Sci. Phib&.T, 1827, 348: Med. and Ph vs. Ri^s. 1835, 112.— .Schl., :Ess. 

Phvs. S<^rp. Descr. 1837, 133, pL iv, flgs. 3, 4.— Storer. Rep. Rept Mass. Iffl9, 225.— Holbr., N. 

A-*nerp. ili, 1842, 5.5, pi. xl— Thomps., Hist of Vermont, 1842, 117.— DeKay, New York 

Fauna, Kept. 1842, 35, nL x, Ak- 20. 
Xntrix eonstrictor Merr., Syst der Amphib. 1820, 10&. 
Ili^ropis constrictor Btm., Pn. ItaL ii, 1841. 
Con/pkodon constrictor Dnm. & Bib., £rp. G6n. Tii-i, 1854, 183.— Ofinther apud Gray, Cat ColL Snakes, 

1858 109. 
Vipera fUgra Catesh.'. Nat Hist Carolin. il. 1743, 48. tab. xlvili. 
JBlack snake. Kalm. Reise N. A. ii. 1764. 202.— Penn., Arct ZooL SnppL ii, 1792, 92. 
Jiascanunifoxii Bd. & Gd., Cat N. A. Rept 18r,3, 96. 
t Jiaseanion/remontU Bd. Sc Gd., Cat N. A. Rept 1853, 95. 

b. FLAVIVBirnUB. 

Colubrr /lavivsntris Say, Long's Exp. Rocky Mts. it, 1823, 185. 

Jiascanum flaviventris Bd. & Gd., Cat N. A. Ri^pt 1853, 96.— Bd.,U. S. & Mox. Boand. Sarr. ii, Rept 

1858, 20. 
Coryphodon Jlaviventris Hollow., Proe. Acad. Nat Scl Phila. 1858, 241. 
JFfascanitm 

Hcucanium 

A critical study of the very lar^e series of Bascanium constrictor in the Smithsonian 
reveals a very extensive geographical range for this species. Except in the single 
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particular of color, a point to be adverted to presently, we find specimenA from yarion* 
partH of the far West^, as Utah, New Mexico, California, Oregon, and elsewhere, that 
appear to be absolutely identical with others from the typical habitat of the species, 
the Eastern and Southern States. Taking the number of the superior labial^ their 
relation to the eye and the relative position of the lower postorbital as guides, per- 
haps the most reliable given, we find that in these particulars Eastern specimens vary 
very much. Baird and Girard give the number of upper labials as 7, but frequently 
there are 8 (more rarely 6), and when this is the case tiie position of the center of the 
orbit with relation to the 4th upper labial no longer holds good, while the lower post- 
orbital is found over the 5th, or between it and the 6th, instead of, as given, over the 
4th ; or it may occasionally be found over the 3d, there l»eing in this case but 6 
upper labials, or one less instead of one additional. Very frequently the number of 
superior labials varies on different sides of the same individual, there being in s<»me 
specimens 6 and 7 respectively, in others 7 and 8, the position of the orbit and orbital 
plates, both interiorly and posteriorly, varying accordingly. Variations similar in 
character and degree are foimd in Western examples, both in those which have been 
considered and marked B. constrict4Mr and in others labeled retfutum. The character!i 
upon which the (listinctions appear for the most part to have been m|Mie are the 
relations the orbit and orbital plates bear to certain of the maxillary shields, but, 
as stated above, these our examinations have shown to be utterly unreliable, some 
individuals indeed bearing upon one side the characters of one form, those of another 
on the opi)osite. For the same reasons, the characters given as distinguinhiiig 
flavireniris and vetustum have no specific value inter •«, being based upon indi\'idual 
variations. So far, then, as external individual characters go we are not able to find 
any firm basis upon which to separate Western and Eastern specimens. 

Taking np the series now with reference to color alone, we find a quite marked 
and constant difference between Eastern and Western specimens. The dark coloration, 
pitchy-black above, greenish-black below, so characteristic of the snake as seen in the 
Eastern region, seems to be extremely rare or altogether wanting in the We^t, althongh, 
as nearly as we can judge from their very brief description, it was simply a black B. 
cOHBirictor which was made the type of Baird and Girard's B, fremontii. If so, this 
si>ecinien furnishes the only example we have of the occurrence of oonetrictor in its 
typical condition of color in the far West. It is more likely to have been an abnormally 
colored individual, as we have numerous specimens from California, the locality of the 
specimen in question, all of them corresponding in color to the usual Western type. 
This may be stated to be olive-brown above, beneath yellow. The precise shades 
vaiy much, the brown above having often a creeniHh tinge, the yellow below fading to 
a greenish- white. Considerable variation also obtains in Eastern examples, and some, 
eHyiecially after long immersion in alcohol, become decidedly brownish or bluish. 
Young individuals are also usually lighter than adults, Baird and Girard's B, farii 
being founded upon immature specimens varying thus. Comparing the Eastern and 
Western series together, the difference is a very striking one, amply sufficient, we 
think, to justify the retention of a Western variety. Baird and Girard^s B. flavirentris 
being evidently based upon a typically colored Western sjiecimen, this name mnst lie 
retained as the earliest. It is a matter of interest to not-e the fact that the black B, 
constrictor extends as far to the west as Kansas, and that from Kansas, also, we have 
specimens of the light-colored, yellow-bellied Western form, about here apparently 
occurring the division between the two races. 

The constancy shown in this species in the number of dorsal scales is noteworthy, 
17 being the invariable number found in every specimen examined irrespective of the 
region where obtained. The varietjjr flaviventris is very numerous in many portions of 
the West, and is there universally distributed, but is perhaps most numerous in the near 
vicinity of the water-courses. Only one of the many seen was, however, brought in. 

LUt of specimens. 



No. 


Locality. 


Date. 


Collector. 


No. of 
sp^csu 


9522 


Honey Lake. California 


1877 


H. "W. Henahaw 1 











Bascanium flageluforme piceum Cope. 

tBaaeaniumJlagelliformepieewn Cope, MS. 

Bascanium JlageU\fonne subsp. pioeum Cope, Cat Bat and Kept N. A. 1875, p. 40. 

A specimen consisting of the head and part of the body^ collected in Arisona has 
been doubtfully referred to this form, of which no description has yet appeared. So 
far as coloration goes, our specimen shows little difference from B. teetaoeum. 
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BaSCANIUM TiENIATUM LATERALE (Hallow.) Cope. 

B«ueanium Ueniatum Hallow., subiipecies laUraU Hallow.. Cope, CheckList X. A. Rep. and Batrach. 
1875, 40.— Yarrow, vol, v, Zoology, U. S., Geog. Survii. W. 100th M. 1875, 543. 

This beautiful and cbaracteriHtic seqieut is quite numerous in Soutliem California. 
Peculiarities of color seem tolerably constant in this variety. 

List of specimens. 



Na 



8595 
8507 



locality. 



Fort Tejon, Cal. . . . 
Santa Barbara, Cal 



Date. 



Collector. 



No. of 
Hpecs. 



1875 
1875 



H. W. Henshaw 
— do 



BaSCANIUM TiENIATUM T^NIATUM (Hall. ) Cope. 

Leptophia ictniata Hallow., Proc. Acad. Nat. Sci, Phila. vi, 1852, 181. 

LtptopkU ictniatMg Hallow., Sitgreavea'a Exp. Zufii and Col. Riv. 18.53, 133-146. 

MasUcophit Ueniatus Baird &, (jirartl. Cat. N. A. Rep. pt. 1, Serp., 1853. 103.— Bd., P. R. R. Rep. x, 1859, 

20, pL ii; id^F. R. R. R<j>. ia>B, x. p. —.—Coop. &. SuokL, Nat iliat Waah. Terr. I860, 

302.— Cope, Proc. Acad. Nat Sci. Phila. 1866, 305. 
I>rpmolriu» Umiatua Cope, Prvra. Acad. Nat Sci. Phila. 1860, 56L 
Masticophis §ehoUii Baird 6c Girard, Cat N. A. R(«pt pt 1, Serp-. 1B60, 163.— Bd., U. S. and Mex. 

Bound. Siirv. ii, laiO, 20. {Leptop'his liOeraiia Hallow., Proc. Aciul. Nat Sci. Philn. 1H.\3, 

237, and MaaHcophu ornata Baird Sl Girard, Cat. N. A. Serp., should probably be added to 

thia liat aa a synonym.) 

Fonnd to be rather common in New Mexico, Nevada; and California. Coloration 
not so constant as in the preceding form. The Masticophis svhotHi Baird & Girard 
l>eloug8 here, being based upon a specimen found in Texas. 

List of specimens. 



No. 



Locality. 
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Collector. 



No. of 
apeca. 



9498 ' Walker's Basin, Cal 1875 I H. W. Henshaw 

»52U Carson City, Nev 1877 |....do 



1 
1 



EUTAENIA. 
EUTAENIA HAMMONPn Kennicott. 



£uUUnia Kamvwndii Kennicott, Proc. Acad. Nat ScL Phila. 1860, 332.— Cope, Check-List N. A. Batr. 
and Rept 1875, 41. 

TVe cannot consider the species of this genus as settled as yet upon any permanent 
basis, and, notwithstanding the large number of so-called species and subspecies at {ires- 
eut admitted, the difficulties in the way of the identification of any large number of indi- 
viduals, even from the same locality, are often very great. Individual variation seems 
to be carried to extreme limits in this group, aud, as a result, it appears to be almost 
impossible to fix upon any set of characters which are sufficiently stable to permit 
H}>ecific limits to be trenchantly defined. It is possible, however, by means of an arti- 
ficial key, such as the one according to Professor Cope, in Vol. V, Zoology, of this expe- 
flition, to relegate the mmority of si)ecimens to one or the other of^the recognized 
forms, although if the results obtained by a strict application of the key be accepted, 
there arises much confusion as regards the geographical areas occupied by a number 
of the forms, there apparently being, in the light of its determinations, no systematic 
law governing their distribution. 

But for the present we can do no better than accept the key provisionally as the 
best exponent of the genns yet given us, leaving to the future any attempt to better 
it. The determinations of the species of this genus mentioned in the present rex)ort 
have been made in acconlance with it. 

The above species is one characterized by having the lateral line on the 2d and 3d 
rows of scales, 21 rows of scales, and 8 superior labials. It belongs in the same section 
as E. mardanOf vagranSj angustiroatris^ and resembles most nearly the latter, from which 
it appears to be distinguishable. We find the character ^' dorsal stripe weak or want- 
ing^ an unstable one, as some individuals, unquestionably referable here, have it well 



216 



REPORT OF THE CHIEF OF ENGINEERS. 



marked. The various species of EntaenicB are to some extent at least fish-eaters, and 
we have always found them most abundant about such small pools and streauis as 
harbored minnows and the small fry of larger species. We once found a Eutaenia at 
Eagle Lake in the act of swallowing a good-6ize<l minnow that he had jnst seized. 
This species is found tolerably abundant in various portions of the Southwest. 

lAst of apedmen^. 



Xa 



Locality. 



8586 
8604 
9525 



Sontbem CalifomiA 

Mojave Desert, Callforxda 
Eagle Lake, CaliforniA . . . 



Date. 



Collector. 



1875 
1875 
1877 



H. W. Henshaw 

Dr. Loew 

H. W. Henahaw 



No. of 
specs. 

2 
1 

1 



EuTAENiA MARCiANA Baird & Giraid. 

EiiUunia marciaTUi Baird & Girard, Cat. N. A. R«ipt. pt. 1, Serp., 1853, 36; id., Marcy^s Exp. Red Rirer, 
I^. 1823, 221.— Kd., U. S. and Mex. Bound. Surv. fi, Reptiles, 18.55, 17.— Bd., P. R. R. ^. 
Whipp. Route, vol. x, 1859, 41.— Cope, Chwk-Liat N. A. Re*pt. and Batrach. 1875, 4L— Yarrow, 
ToL V, Zoology, U. S. Geog. Surva. W. 100th Meridian, 1875, 555. 

Two specimens in the collection from Mojave Desert we refer to this species. They 
compare well with the characters given. This form resembles hammandii qnit« closely, 
but differs in the possession of distinct lateral, spots. Our specimens possess no light 
dorsal lines, a character of much variability and of little diagnostic importance so far 
at least as this form is concerned. 

Comparatively rare in California^ except im the southern portion. 
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8578 


Loa Auireles. Cal 


1876 
1875 


William Somers 

Dr.O.Loewi. 


1 


8584 


Mojave Deaert. Cal 


1 









EuTAENiA ELEOAN8 Baird & Girard. 



Jope, Check 
Tropidonotutf trivUiattu Hall( 



1. Cat. of X. A. Rppt. 1853, p. 34.— Bd., 
Liat X. A. Bat and Rt^ut. 1875, p. 41. 
lallow., Proo. Acad. Nat Sci. 1853, 



JEutainia elegant Bd. & Gd.. Cat^ of ^^- Rept J853, p^ 34.— Bd., P. R R Rep. roL x,"WiU. Route, 1857, 10.— 

Iff I 
Route, 13. 



237 ; id., P. R R Rep. voL x, 1850, Will. 



This species resemble somewhat E, proxima. The dorsal band is ochraceons yellow- 
ish-white, the lateral stripes greenish- white. According to Baird and Girard, the 
number of dorsal scales may vary from 19 to 21. This is illustrated in our specimens^ 
in two of which there are 21 rows, in another but 19. 

Quite numerous in Southern California and on the eastern slope between Califoniia 
and Nevada. 

List of 8pe(imen9. 
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Lake Tahoe, Nevada . . 
Southern CftlifnrniA . . 




1876 
1875 

1875 
1877 


H.W.Hensluiw 
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do 


. - . -do 
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Caatem California 


. . . .do ............... 
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EUTAENIA SIRTALIS PARIETALI8 (Say) CopO. 

a. BIBTAUS. 

Z:^uber HrtaliM Linn., Syat Nat i, 1786, 383.— Gm., Linn. Syat Nat ed. xUl, i, iii, 1788, 1107.— Latreill**, 
Hi»t Nat Rept t. iv. 1825, 69.— Harl., Joum. Acad. Nat Sci. Phlla. v, 1827, 352.— Shaw, Gen. 
Zool. vol. iU, nt ii, 535.— Daudin, Hist Nat dea Rept t vii, 146.— Storer, Rept Masa. 1830. 221. 

Natrix girtalit Merrein, Syat dea Amphib. 1820. 132. 

Tropidonotus HrttUU Holbnwk, N. A Herp. iv, 1842, 41, pi. xL 

Coluber bipunetahu Latreille, ITiat Nat. Rept t iv, 182.5, pi. xxr, flg. 2. 

Iropidonotua bipunetatiu 8chle;^l.. Ei»a. Phya. Serpt 1837, 320.— Dum. et Bib., Erp. G6n. 1854, S82. 

Iropidonotui taenist DaKiy, N. J. Fauna Rept 1812, 43, pL 13, fig. 27. 
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&. FABOCTALIS. 



PhilA. Acad. Nat SoLv, 1827, 349. 



Coiuberparietaiu Say, Long's Exp.RoclETMta. 1 1823, 188.— Harln., Jonm. 
Evtainta parUtalia Bd. dt G<1., Cat N. A, Kept. 1853, 28. 
Eutemia tirtalis subap. parieUUis Cope, Check-LiHt X. A. Batr. and Kept. 1875, 4L 
Eutimia tirtalU parietalis Couwi &, Yarrow, BulL U. S. GcoL Surv. Ttrr. 1878, 278. 

Eutainia omataBd. Sc Gd., U. S. and Mox. Bound. Surv. ii, pt. i{, 1859, Reptllefi. 18, pi. 9.— Cope, Proc. 
Acad. Nat. Sci. Phila. 1888, 305. 306.-<;ope, Check-LiHt X. A. Batr. and Bopi 1875, 41.^CoaeB, 



voL V, Zoology, U. 8. Geog. Surv. W. lOOth M. 1875, 813. 

Specimens of this snake, five in number, are all from California and Nevada, and 
answer well to the description of the s^n'oies. It is worth noting that several of these 
specimens were foond with E, elegant in the same hole under the roots of a dead stump. 
This would appear to indicate a rather closer companionship than usually obtains 
between reptiles of different species. 

Along the shores of the large island in Pyramid Lake vast nmnbers of Eutaenicfi are 
found, comprising this and, in all probability ^ several other recognized varieties. Dur- 
ing the heated part of the day, the mossy tracts in the tepid, shallow water of the lit- 
tle inlets were thronged with them, as they swam in gentle undulations over the 
smooth surface or idly basked on the heated rocks along shore. In no other locality 
have we ever seen them in such numbers. When disturbed, they swam boldly out 
into open water or sought the bottom and hid themselves uniler the rocks. Though 
not in the true sense of the word ''water-snakes,'' the various Eutaenia are all thus 
quite aquatic in their habits, and in fact it has been our experience to rarely find 







lAsi of spedmcM. 


• 






Xa 


Locality. 


Date. 

1878 
1878 
1877 


Collector. 


No. of 
specs. 


8585 
8588 
95M ' 

( 


Ijake Tahoe. Nevada 




H. W. Henabaw.... 
do 


2 


do 




11 


KaAt^^m California 




do 
















BOID^R. 

CHARINA. 









Charina plumbea (Bd. & Gd.) Cope. 

Wenona plumhw Bd. Sc Gd., Cat. N. A. Rcpt. 1853, 139. 

Charina plumbea Cope, Check-List N. A. Batr. and Kept. 1875, 43. 

Winona ttabella Bd. &, Gd., Cat N. A. Bept 1853, 140. 

The single specimen in the collection is of interest as extending to a certainty the 
range of tliis West-coast species across the mountains to the eastern bonier of CaUfor- 
nia. The habitat of this snake has been doubtfully given by Professor Cope as in- 
cluding Nevada, but upon what authority we do not know. That such is the case 
M>ems now extremely probable, as our specimen was procured but a few miles distant 
from that Stat«. 

This specimen is referable to the form described by Baird and Girard as the Wenona 
isabella. It has two pairs of Irontals only, instead of three, as given for plumhea, but 
a slieht tendency to the bifurcation of the anterior pairs shows the slight reliance at- 
taching to this as a character. Certain other slight variations in the arrangement of 
the head and maxillary' scales partake of the nature of individual variation. The 
reduction of this nominal species to a synonym of plumbea as per Cope's op oiL is, we 
believe, perfectly Justifiable. 

List of tpeoimms. 



No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


9563 


'Raide lAke. CaUftimia r . . . 


1877 


H. W. Henahaw 


1 
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SAURIA. 

?".ZrRODONTA. 

lirrOGLOSSA. 



Sl'MECES. 
•:.- -^ >^::.i\>NiAXU8 Bd. & Girard. 

>.^»^«e-« % Krp. Grt. Salt Lake, 1852, 340, pi. iv, fljrs. 4-4>; lU. Ptm 
;0. «L— Bd., P. B. R. Bep. toL x, 1850, B«p. 18; id., TVUL and 

*«^ ^ -mL Xat. Sd. Phila. vii, 1854, M; id., P. R. IL K«p. roL x. 



- -a* V 



. and Kept 1875, 45. 



tf« ;a tbe collection from Southern Califomia, pioV 



Zki ^ fpecimena. 




TEID^. 

CNEMIDOPHORUS. 

>cvW»«ORl'S GRAIIAMII B(L & Qd. 



. . vs-c \«m1. Nat. Sci. Philft. 1852, 128.— Bd., V. S. M^T. Boascl. 
*^ * * - djni 1-e.— Cope. Cbeck-List X. A. Batr. and Kept. 1875, 45.- 
•J ^ ^,':;^SttrTii. W. 100th M. 1875, e03. 

. " .N-s ja^tHries has been collect<Ml by the expedition ; thiH in 
' ^ * VrT^ud we are of the opinion that it is somewhat rare 

JMi of specimens. 



x^^-^vr^ 



Date. 



\.**h*- 



1875 



Collector. 



' No. of 
specs. 



William Somen. 



2 



.^•^ 



^tix^THORrs BEX-UNBATU8 (Linn.). 



^ <.^>*«^t^ 



. 3^...0meUxi, Syst Nat Linn. t. ill, 1074.— Harlan, Med. and 







««% 



Hi ,t4 rtS*^ *'1w' Acad. Nat J^U-i-'Phila. 180^, '303. 



100th M. 1875, 602. 



>^ V*, z***"**^ »'»"* - - 7rti,ioirv. U. s. Ureojf. snr\'B. w. lootn m. ih75, twi 
3 .. w ^^^**«'V2!d, ifit Sol PhiU. 1854. 192; id., P. R. R. Rep. x, 1858. 21 
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This is a species of widespread distribution, being found in the Sonoran and Austro- 
Riparian regions and extending to the east coa«t. There seems to be but little differ- 
ence between s]|)ecimen8 from eastern and western localities. The western are perhaps 
a trifle lighter in color. In one. No. 8761, fix>m Arizona, the dark bands between the 
light are maculated with light spots, a peculiarity well shown in the young, but sel- 
dom seen in adults. 

lAst of specimens. 



Noi 



Locality. 



8^ I Sonthem CalifomiA 

8631 ; Los Angeles, California 



Date. 



1875 
1875 



Collector. 



J. Hasson . . 
W. Somen. 



Ko. of 
specB. 



1 
1 



CnEMIDOPHORUS TES6ELULTUS TIOBIS (Bd. & Gd.). 



O. TEflSXLLATUS. 

Aadva tetsdlata Rav, Long's Exp. Bocky Mts. ii, 1823, SO. 

Caemidophonu tUMeUatuM fid., P. B. R. Bep. x, Gunnison's Bonte, 1857, 18. 

b. TIOBIB. 

Ciumidophorus tigris Ed. &. Girard, Proo. Acad. Nat Sci. Phila. 1852, 09. ; id., Stansb. Bep. Exp. Great 
Salt Lake, 1853, 338.— Bd.. U. 8. and Mex. Bound. Surv. 11, pt. 11, 1858, BeptUes, 10, pi. 33. 

iCnemidopAortu marmoraiut Bd. & Gir., Proc. Acad. Nat Sci. Phila. 1852, 128. 

fCMmidoph&rua uiidulatus Hal]ow.,Proc. Acad. Nat SoL Phila. 1854, 94; id., P. B. B. Bep. x, William- 
son's Bonte, Beptiles, 8. 

Ctumidophortts teneUahia snbsp. tiffrit Cope, Check-List N. A. Batr. and Bent 1875, 46. 

0nmidoph4>rut iesseilatut tigrU Cones, toL t, Zoology, U. 8. Geog. Survs. W. 100th M. 1875, 004. 

It is by no meaus improbable that the Atneiva tessellata of Say was based upon an acci- 
dental color-variety, and that Hgris represents the normally colored form. In this case 
the two should, of course, be united. With no specimen^ however, of iessellaius before 
iw for comparison, we feel constrained to follow Cope m recognizing the two as dis- 
tinct forms. Baird, in vol. x, P. R. R. Rep., Beckwith's Route, describes a lizard as 
being doubtfully the A. tessellata of Say, this, so far as we know, being the only speci- 
men which has been referred to that form since Say's time. 

Specimens of tigris in the Smithsonian collection show much variation in the ar- 
rangement of the spots and bands, their number, &c. In some individuals these 
approach the tessellatus type, as described ; in others they are more nearly like the 
t>'])ical tigris. Some of the latter exhibit four or five well-marked light dorsal bands 
irith dark interspaces ; while in others the lines are obliterated, the tendency being 
toward wavy transverse bands of black and yellow, which are more or less broken up 
into irreg^l^ly shaped spots. 

List of specimens. 



Ka 


Locality. 


Date. 


Collector. 


No. of 
specs. 


8633 


Fort Teion. California 


1875 


H. W. Henshaw 


1 









DIPLOGLOSkSA. 



GEERHONOTID^. 



GERRHONOTUS. 



Gebbhonotus 8CINCICAUDU8 Sldlton. 

^ropidolepit iHncieaudus Skilton, Am. Jonm. Sci. vli, 1849, 202, flgs. 1-3. ' ^ , 

^ria teineicauda Bd. & Gd.. Stans. Bep. Salt Lake, 1842, p. 348, pL ir, figs. 1-3.— Gd., Herp. 17. S. ExpL 

Exp. 1858, 210. 
Orrrkonchu gcmeieaudus Cope, Check-List N. A. Bat and Bept. 1875, p. 47. 

This species was found extremely numerous in the vicinity of Santa Barbara, as also 
'Jpon the island of Santa Cruz. The differences between several of the admitted spe- 
cies of this genus, as at present defined, are so slight that it appears probable to us 
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SAURIA. 
PLEUEODONTA. 

LEPTOGLOSSA. 

sci:NcrD-s:. 

EUMECES. 
EUMECES SKILT0NIANU8 Bd. & Girftid. 

FluUotUm gHWmiantu Bd. ft Gd.. Staniibaxy'a Rep. Grt. Rait Lake, 1852, 849, pi. It, fljn. 4-«; id., Proe 
Acad. Nat. Sci. Phila. Ti, 1852, «.— Bd., P. B. B. Bep. toL x, 1850, Bep. 18; id., WilL and 
Abbott's Boute, p. 0. 

£umeee9 quadrQineatus Hallow., Proc. Acad. Kat. SrL PhOa. vii, 1854, M; mL, P. B. B. Bep. voL x, 
WUliamarm's Boate. 1850, 10. 

Sunuees §kiUonianu$ Cope, Chcck-Liat N. A. Batr. and Bept 1875, 4& 

Two Bpecimens of this Rpecies are in the collection from Soatbem CftUfomia, prob- 
ably from near Los Angelea. 

Ziat of specimems. 



No. 


Location. 


Date.' CoDcctor. '^J^ 

1 1 SpVCok 


8827 


SOnthem CallfOmlft r . - r r - - . , r . - r r - . , , - - . - - 


1875 


H. W. Hensbaw 2 









TEIDJBJ. 

CNEMIDOPHORUS. 
Cnemidophorus graiiamii Bd. & Gd. 

OnemidophorM ffrahamii Bd. Sc Gd., Proo. Acad. "Sat. Sci. Phila. 1852, 128.— Bd., IT. 8. Mex. Bound. 
Surv. ii, 1850, B<'pt. 10, nl. 32, figH. !-«.— Cope, (^heck-Liat N. A. Batr. and Bept. 1A75, 45.— 
Coaea, voL v, ZooL, U. S. Gcx)g. Surva. W. 100th M. 1875, 603. 

A single specimen only of this species has l>een collected by the expedition ; this in 
the neighborhood of Los Ang<>lt*Sy and we are of the opinion that it is somewhat rare 
here. The species has been taken at Fort Tejon. 

List of specimens. 



No. 



Locality. 



8634 ! Los Angeles, Callfomia 



Date.' 



Collector. 



No. of 
apeca. 



1875 I William Somen. 



Cnemidophorus sbx-linratus (Linn.). 

Laeerta tex-Uneata Linn., Syst. Nat 1 1, 364. — Gmelin, Syst Nat Linn, t ill, 1074. — Harlan, Med. and 

PliVH. K«*s. 144. 
Six-liwd lizard, Shaw, Gen. Zool. toI. iii, pt i 240. 

Amrira teiliMata Holbrook, N. A. Ilerp. ii, 1842, 100.— DeKay, ZooL N. York, 1842, 30. 
Cn^emidophorus $cx-Utveatu» IHiin. &, Bib., Hist. Xat. des R4>nt. t. v, 131. — Cope, Check-Lint N. A. Batr. 

and Kept. 1875, 45.— yarrow, vol. v, ZouIoky, U. S. Geog. Survs. W. 100th M. 1875, 557. 
Cneinidophoru* gularia Bd. &. Gd., I*roc. Acad. Nat Sci. Phili. tI, 1852. 128.— IM. &. Gd.. Marcv's Rep. 

Exp. Ejcpod. Bed Riv. 1852, 227, pi, x, flgH. 1-4.— Bd., U. S. and Mex. Bound. Surr. ii. pt, 

ii, 1850, ReptUes, 11, pi. 34. fins. 1-6; id., P. R. R. Ren. x, 1850, Whipple's Route, Reptiles, 38. 
Cnemidophorus gexlineattu var. gularit Coi>e, Ptoc. AcAd. Nut Sci. Phila. 1866, 303. 
Cnemidophorus sexlineatus gtilaris Ctnies, vol. v, ZooIokv, V. S. Geog. Survs. W. 100th M. 1875, 602, 
Cnemidophorus guUatut Uallow., Proc. Acad. Nat ScL Phila. 1854, 192; id., P. B. B. Bep. x, 1860, 2L 
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This ia ^ species of widespread distribntion, being found in the Sonoran and Austro- 
Riparian regions and extending to the east coa«t. There seems to be but little differ- 
ence between s^cimens from eastern and western localities. The western are perhaps 
a trifle lighter in color. In one. No. 8761, from Arizona, the dark bauds between the 
light are maculated with light spots, a peculiarity well shown in the young, but sel- 
dom seen in adults. 

Liat of specimeM, 



No. 



8630 
8631 



Locality. 



Sottthem California 

Iam Angelea, CaUfomia 



Date. 



1875 
1875 



Collector. 



J. Haaaon . . 
W. Somen. 



No. of 
speca. 



1 
1 



CNEMIDOPHORUS TES8ELLATUS TIGRIS (Bd. & Gd.). 

a. TB88BLLATUB. 

Ameiva tsudUUn Sav, Look's Exp. Roclcy Hta. ii, 1823, 50. 
OnemidophoruM UueUatut Bd., P. B. R. Sep. x, Gimniaon*s Route, 1857, 18. 

b. TIOBIB. 

Cnemidophorua tigrU Bd. &. Girard, Proo. Acad. Nat. Sol. Phila. 1852, 09. ; td., Stansb. Rep. Exp. Great 
Salt Lake, 1853, 338.— Bd., U. S. and Mex. Bound. Sarr. li, pt. il, 1858, Reptiles, 10, pi. 33. 

f Cnemidophortu marmmratus Bd. & Gir., Proc. Acad. Nat. Sci. Phila. 1852, 128. 

/ OnemidopharuM unduUUut Hallow., Proc. Acad. Nat ScL Phila. 1854, 94; uL, P. R. R. Rep. x, William, 
son's Roate, Reptiles, 8. 

CnemidophoruM UsmUatut snbsp. iiffrU Cope, Check-List N. A. Batr. and Rept. 1875. 46. 

CnemidopKorw ietseilatut Hgris Cones, voL v. Zoology, U. S. Geog. Sorvs. W. lOOth M. 1875, 004. 

It iB by no means improbable that the Ameiva teBsellata of Say was based upon an acci- 
dental color-variety^ and that ti^ris represents the normally colored form. In this case 
the two should, of course, be united. With no specimen^ however, of iessellatua before 
ns for comparison, we feel constrained to follow Cope m recognizing the two as dis- 
tinct forms. Baird, in vol. x, P. R. R. Rep., Beckwith's Route, describes a lizard as 
being doubtfullv the A, tessellata of Say, this, so far as we know, being the only speci- 
men which has been referred to that form since Say's time. 

Specimens of tigris in the Smithsonian collection show much variation in the ar- 
rangement of the 8]>ots and bands, their number, &c. In some individuals these 
approach the teaaellattu type, as described ; in others they are more nearly like the 
typical tigris. Some of the latter exhibit four or five well-marked light dorsal bands 
with dark interspaces ; while in others the lines are obliterated, the tendency being 
toward wavy transverse bands of black and yellow, which are more or less broken up 
into irregularly shaped spots. 

List of spedmenB. 



No. 



Locality. 



Fort Tcjon, California . , . 



Date. 



1875 



Collector. 



H. W. Henshaw . . 



No. of 
specs. 



DIPLOGLOSkSA. 

GERRHO]^OTID^. 



GERRHONOTUS. 



Gerrhonotus scincicaudus Skilton. 

TropidoUpU $cineicaudu» Skilton, Am. Jonm. Sci. vii, 1849, 202, figs. 1-3. 

£lgaria Mcineieauda Bd. & Gd., Stans. Rep. Salt Lake, 1842, p. 348, pL ir, figs. 1-3.— Gd., Herp. 17. S. Expl. 

Exp. 1858. 210. 
Gerrhonotua teineieavdtu Cope, Check-List N. A. Bat. and Rept. 1875, p. 47. 

This species was found extremely numerous in the vicinity of Santa Barbara, as also 
upon the island of Santa Cruz. The differences between several of the admitted spe- 
cies of this gennsy as at present defined, are so slight that it appears x'robable to us 
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UTA. 

Uta orxata Baird &, Girard. 

JTta orruUa Balrd & Girard, Proc. Acad. Nat. Sci. Phila. 1852, 126.— Bd., V. S. andMex. Bound. Snrr. pt- 
ii, 1859, R^iptllee, 7.— Cop«% Check-Li8t N. A. Bat. and Rep. 1875, 48.— Yarrow, voL r, Zool- 
ogy, U. S. Geog. Surv. W. 100th M. 1875, 5fl8.— Cones, ib. 6OT. 

XTta ornata var. lineariM Bd., I. e. (Lob nogales). 

Tlie relationship of Cope'8 U, th^lassina and U. graciosus to the present species requires 
to be investigated y as the descriptions imply a rather close approach. Our specimens 
of the U, ornata from the Mojave Desert region show considerable differences in color- 
ation from specimens collected in previous years in Utah, &c, ; so marked, in fact, are 
they that at first we were inclined to consider them to be distinct. Baird's and Gi- 
ranVs description indicates a rather highly colored species — "reddish-brown above^ 
with transverse elongated black patches all along the upper part of the body." This 
applies to the usual style fonnd in Utah, and also to some from the Mojave Desert ; 
others, however, from the last locality are of a clear ashy-gray color, variably marked 
with narrow transverse black bauds. 

List of specimens. 



Na 



8665 
8666 
8667 
8668 



Locality. 



Sonthem California 
Mojave Desert Cal. 
Fort Mojave, Aris. . 
Southern California 



Date. 



1875 
1875 
1875 
1875 



Collector. 



No. of 
specs. 



Dr. H. C. Yarrow 

Dr. O. Loew 

WilliRm Sumors. . 
J. A. Hasaon 



2 
1 

1 



I 



Uta stansburiana Bd. &, Gir. 

XTta stansburiana Bd. &. Gir., Proc. Acad. Xat. Sci. Fbila. vi, 1852, 60 ; id., Stans. Hep. £zp. Grt. Salt 
Lake, 345, pL 5, tigs. 4-6.— Bd., IT. S. and Mex. Bound. Surv. 11, pt. ii, 1856, KeptQea, 7 ; id., 
P. B. R. Rep. R«3>tUe8, x, 1859, 'Whipple's Route, 37.— Cope, CheckList 1875, 48.— Yarrow, 
vol. v, Zoology, U. 8. Geog. Surv. W. 100th M. 1875, 568.— Couea, ib. 596. 

The color-variation in this species is very considerable indeed, being exceeded, if 
equaled, by no other of the family. The males are readily distinguishable from the 
depth of color, a blnish cast pervailinc the whole body. The chin and throat are 
strongly bluish, in decided contrast to the greenish-yellow of the under parts gener- 
ally. A double row of black spots is usually found along the back. 
^ The markings of the females are more irregular, the lighter tints prevailing. The 
sides are nsually broken up by whitish maculations. Below, the yellow is paler and 
the chin of a lighter blue. Both aeMta have a conspicuous bluish spot on the side just 
posterior to the fore leg. In the original description, we find no mention made of the 
carinated character of the scales of tiie dorsal region. All specimens, however, possess 
this as a constant feature. The carinie become best marked as the tail is approached, 
and gradually become obsolete close to the neck. 

Young, — So entinily different in appearance are the young, when only irom 2 to 3 
inches long, that their identity would scarcely be suspected. Below they are greenifth- 
yellow, the chin presenting no contrast of blue. Above, two series of continuous black 
apots inclose median lighter spaces. On either side of these, running from the eye 
down the body, is a conspicuous stripe of light yellow, 5 scales wide, below which is a 
series of illy-define<l black spots. Anterior to and above the shoulder is a conspicuons 
roundish biack spot. The spot on side of body back of fore leg is wanting. We find 
several spt^cimens in the collection which well exhibit one extn^me of color to which 
the species is subject ; thesf), if only correlated with special locality, might properly be 
considered to represent a variety. This, however, is not the case. The«*. are of a light- 
brown color, the upiier surface being distinctly marbled with numerous light greenish- 
blue spots ; the tail banded with same. 

This species is very abundant throughout Southern California, Arizona, and Nevada. 

List of specimens. 



So. 



8614 
8015 
8616 
8617 



Locality. 



Santa Cmz. Island, Cal 
Virginia City, Nev . . . 
Santa Barba'i-a^ Cid . . . 

do 

Santa Cruz Inland, Cal 
Southern Cnlifomia . . . 

Mojave Beeort, Cal 

Southern CuUfomia 



Date. 



1875 
1876 
1875 
1875 
1875 
1875 
1875 
1875 



Collector. 



H. W. Hf'nflhaw . . . 

William Somem 

H. W. Henshaw . . . 

do 

do 

J. A. HABson 

Dr. O. Loew 

H. W. Henshaw . . . 



Xo. of 
opecs. 



1 

1 

10 

5 

3 
3 

1 
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SCELOPORUS. 

SCELOFORUS POINflETTTI Bd. &, Gd. 

SeOoporus jMlfuefHi Bd. & Gd., Proo. Acad. Nat Sci Phila. 1852, 126.— Bd.. IT. S. and Mex. Bound. Snrv. pf 
ii, 1859, Kept 5, pi. 29, figs. 1-3.— Cojie, Chwk-List N. A. Batrach. and Rppt 1876, 48.— Yar- 
row, voL V, Zool., U. S. Geog. Exp. W. 100th M. 1875, 573.— Couea, ib. p. 595. 

This species was found in Southern Arizona by the exjwdition, where it is by no 
means rare. The specimen taken was mislaid, and no mention was made of it in the 
preA'ious report; hence we introduce it here. 

In compariu|r specimens of this well-marked form from Texas^ the original locality 
of the 8i>ecie8, with others collected in Arizona, we note a quite decided difference in 
the amount of carination of the scales of the back. Although in the original descrip- 
tion the scales are given as smooth, we find iu 8i)ccimen8 from Texas, otherwise quite 
typical^ a faint keeling, which in most Arizona specimens is seen to be quite pronounced. 

LUt of specimens. 



Xo. 


Txicality. 


Date. 


Collector. 


Xo. of 
apeCB. 


8610 


Santa Kitft Monnt-alnw. Arizona T .-, - --r ^r ^-- 


1874 


H.W. Henahaw 


1 









SCELOPORUS CLARKII Bd. & Gd. 

Scehporu* elarkii Bd. Sl Gd., Proc. Acad. Xat. Sci. Phila. 1852, 127.— Bd., U. S. and Mex. Bound. Snrv. pt ii, 
mw, R»»ptlle». 5.— Cope, Proc. Acad. Xat Sci. Phila. 1886, 310; id., Check-List, 1875, 49.— 
CoiK'8, voL V, Zool., U. S. Geog. Surv. W. 100th M. 1875, r.94. 

Ssrflopcrua elarkii subsp. elarkii Yarrow, Vol. v, Zool., U. S, Gw>g. Surv.W. 100th M. 1875, 675. 

He^loporua maffister Hallow., Proc. Acad. Xat ScL Phila. 1854, 93. 

A single specimen obtained in Nevada, where it appears to be a not very common 
lizard. The relationship between this form and the spinoaua of Wiegmaim is a close 
one, and as a result of future investigation the two may require to be united. 

List of specimens. 



Xo. 



9.518 
8674 
8672 
8663 



Locality. 



Xevada 

S«>iithem California 

Mojave Desert 

Fort Craig, Xew Mexico 



Date. 



1877 
1878 
1876 
1874 



Collector. 



n. W. Henshaw... 
Lieut K. Borgland 

Dr. O. Loew 

Dr. Bonghter 



Xo. of 
specs. 

1 
1 
1 
1 



SCELOPORUS UNDULATU8 THAYERI (Bd. & Grd.) Copo. 

a. UXDULATUS. 

iMcerata Mndulata Dandin, Hist Xat dea Kept lii, 384. 
fitetlio unduiatus Latreille, Hint Kept ii, 1802, 40. 

Laeerata hyaeinthina etfcuciata Gre<'n, Proc. Acad. Xat Sci. Phila. i, 340. 
Z'romatttfx undulattu Merrem., Svst des Amphib. 57. 

Agama undulata Harlan, Med. and Phys. K(>8. 1853, 140.— Dandin, Hiat Xat des Repta. t ill, 884. 
Tropidolepis undtdattu Cavier apud Griffith, ix. 126.— Cnvier, R^g. Anim. t. ii, p. .38.— Grav, in Grift. 

An. King. vol. x, 43.— Holbrook, X. A. Herp. iii, 51, pi. riii; ii, 73, pL 9, 2d ed. 1842.— Dum. 

Si Bib., Hist Xat dea Kept t iv, 298.— DeKay, ZooL X. Y. 1842, 31.— Tenney, Man. Zool. 

1866. 296. 
Sedoporus undulattu Grarenhorst Xov. Acta, xviii, 768.— Wiegmann, Isia, 1828. 369.— Bd., P. R. R. Rep. 

X. Whipple's Ronte, 1857, 37.— Gd., Herp. U. S. Exnl. Exped. 1858, 379, pi. xix, figs. 15-21. 
Seelotwrut unduiatus subsp. undiUatus Coiie, Check- List X. A. Batr. and Rept. 1875, 48. — Yarrow, vol. v, 

Zoology, TJ. 8. Geog. Surv W. looth M. 1875. 573. 

b. THATKBI. 

Sceloporus thayerii Bd. ft Gd., Proc. Acad. Xat Sci. Phila. 1852, 127 (orig. descr.).- Bd., 17. S. and Mex 

Bound. Snrv^. 1859, 6. 
Seelnporus unduiatus snbsp. thaverii Cope, Check-List X. A. Bstr. and Rept. 1875, 49. 
Scelmonu ottidentalis Bd. & Gd., Proo. Acad. Nat. iSi^i. Phila. 1832, 175.— Od., Herp. U. S. Expl. Exped. 

1H.'>8, 383.— Bd., P. R. R. Rep. x, Gunnison's Ronte, 1857, 17.— Bd., P. R. R. Rep. x, 

Abbott's Route, 1857, 9.— Cooper, Xat. Hist Wash. Terr. 1850, 293. 
Sedoporus frontalis Bd. & Gd., Proc. Acad. Xat. Sci. Phila. 1852, 175.— Gd., Herp. U. S. Expl. Exped. 

1858, 38, pi. xix, figs. 1, 7. 
SceUrp^ruM longipes Bd., Proc. Acad. Xat ScL Phila. 1858, p._._Bd., P. R. R. Rep. x, Gunnison's 

Route, 1867, 17. 

Prevailing over much of the Middle and Pacific regions is a lizard comparable in 
every respect, in fact, presenting no very ax)parent tangible characters separating it 
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from the ^S^. undulaius of the Eastern United Statea. The form from Texas (lescrilied by 
Baird and Girard as S, thayerii appears to apply here, and it was reduce<l by Cojie in his 
check-list to a snb-species of nnaulatus. Accepting the name tkayai as applicable to 
the Westeni variety of undulatu%, we identify as such a large suite of lizanls collected 
by the expedition in various portions of California and Nevada. About the only real 
difference — and this is to be observed rather as an avera^^e than as characterizing 
every individual specimen — is one of color, California sjKJcimens being very brightly 
colon^d, the usual blue patches along the sides and under the chin occasionally over- 
spreading nearly the whole belly and tliroat. Li such individuals, if the scales of the 
back be removed, a strong bluish cast will be found to tinge also the skin. It should 
be remarked that tj^iical sjKH'imens of S, undulaitm absolutely identical with more 
eastern specimens are found in Utah, Nevada, New Mexico, and Arizona. 

In Vol. V, Zoology, of this expedition, I^rofi^ssor Coi>c described a new species of 
Sceloporus from Utan, which he called umaragdinus. As compared with what we term 
thaytrif this fonn appears to posseas a longer, stouter body ; tiie tail is broader at ba»e 
and shorter. The scales of mayeri are perhaps proportionately larger. So far as the 
scale-formula of the head is concerned, we can find little or no difference, and are 
strongly inclined to the opinion that it will not prove to be distinct from thayeri. 

List of specimens. 



No. 



8637 
8659 
8058 
8608 
8660 
8673 
8661 
8662 
8608^ 



Locality. 



Mojave Deiiert 

Mount Whitney, Cal 
Southern California . 
do 



Date. 



1875 
1875 
1875 
1875 

do 1875 

Lo« Angrles, Cal 1875 

LakeTahoc, Cal 1876 

Santa Ilarbara, Cal 1876 

California 1876 



Collector. 



Xo. of 
speca. 



Lieut E. Bcrjrland . . 1 

ILW.Henshaw , 4 

do 2 

...do I 12 

do 4 

W.Somera 2 

ILW. Henahaw ■ 1 

do 2 

— do 1 



SCELOPORUS CONSOBRIXU8 Bd. & Gd. 




1806, 303.— Cope, U. S. (Jeol. Surv. Montana, 1872, 468.— Allen, l>iw. Bout Soc. Nat. Hint, 
xvii, 1874, 69.— Cop«», Cheek-LiHt X. A. Batraoh. and Kept. 1875, 49.— Yanx>w. voL v. Zoolog>-. 
U. S. (reog. Surv. W. lOOtli M. 1875. .574.— Couea, ibid. 594.— Couea & Yarrow, Bull. U. S. 
Geol. Surv. Terr. vol. 4, No. 1, 1878, 287. 

An abnndant species throughout the West and Southwest. This species varies much 
in coloration. 

List of specimens. 



No. 



8606 
8607 
8009 
8643 

Mm 

8482 
9548 



Locality. 



Dat«. 



Olancha Peak, Cal ' 1875 

S<»uthem Cnlifomia , 1875 

Mojave Desert, Cal I 1875 

do ! 1875 

VlrpniaClty, Nev 1875 

Apache, Ariz 

Fort Win»?ate, N. Mex 



1874 



Collector. 



H. W. Henabaw 

do 

Dr. O. Loew 

do 

William Somera 

Dr. (). Ix»ew 

H. W. Henahaw 



No. of 
specs. 



3 



5 
1 
1 
1 
1 



PHRYNOSOMA. 
PiiRYXOSOMA PLATYRHiNTM Girard. 

PhrynoMoma platyrhinus Girard, Stann. Bep. Exp. Grt. Salt Lake 1853, 361-363, pi. vii, flga. 1-5. — Cope, 

Pn»r. Afftd. Nat. Sci. Phila. 1866, 302. 
Doliotaurus platyrhimu Giranl. llerp. U. S. Exp. Expod. 18.58, 407.— Bd., P. R. R. Rep. x, 18,j9, Gnnni- 

«oii'h Route, Reptilen. 18. 
Phrynosoma platifrhinum Coi>e, Check-List N. A. Batrach. and Rept. 1875, 49. — ^Yarrow, vol. v, Zoology, XT. 

S. Geog. Surv. W. 100th M. 1875, 577.— Couea, ib. 594. 

Groat numbers of this species were noticed on the sandy, desert-like valleys betw€»en 
R(.>no and P>Tamid Lake, Nevada. It wsts not seen afi^ain, although doubtless it ocoiirs 
at intermediate points, until far to the northward a few were taken on a sandy, alka- 
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line deaert near Warner Lake, Oregon. This is probably the extreme northern locality 
from which the species is recorded. After an examination of a f3;Teat number of speci* 
mens we find the under surface of the body nnicolor, save the chin, throat, and tail, 
which are spotted. 

LUt of Bpecimens, 



No. 


Locality. 


Date. 


Collector. 


No. of 
specs. 


9519 


Pvnmid I<ake, Nev 


1877 H. "W. Hpnshaw 
















Phrynosoma maccallii Hallowell. 

Anota M'CkxUi Hallow., Sitgrenves's Exp. Zufil and Col. Kir. 1853, 127, pi. 10 (type of genns).— Hall., Proc. 

Acad. Nat. Sci. Phila. vi, 18,52, 182. 
DoUoMurua me'eaUii Glr., Herp. U. S. Exp. Exped. 1858, 408.— Bd. XT. S. and Mex.Bonnd. Snrv. ii, pt. ii, 

1859, Reutilea, 9, pi. 28, figs. 4-6. 
PhrynoBoma maecaUii Cope, Froo. Acad. Nat ScL Phila. 1866, 310; id., Check-List 1875, 49.--Coaes, vol. 

y, Zoology, U. S. Geog. Surv. W. 100th M. 1875, 593. 

Notwithstanding the fact that a number of the species of this ^[ronp described by 
the earlier authors have been thrown out or retained only as varieties, it seems proba- 
ble that the number will require still further reduction, as certain ones of the accred- 
itee! si>ecies run remarkably close to each other. 

In external form the above is one of the most characteristic of the family, the long 
limbs and tail and attenuated body giving it a peculiar appearance. The absence or 
external auditory apertures caused Hallowell to separate it under the genus Anota, 
Strictly speaking, however, these are not entirely wanting, as is the case in the genus 
Holhrookinf but in most, perhaps all, specimens tlie ear is indicated by a slight depres- 
sion in the skin, which is covered by very minute granular scales. 

This species is very abundant in the Mojave Desert, and is the least highly colored 
of the group, as also one of the most constant in markings. Several specimens were 
taken near Virginia City, Nov., which indicates an extreme point in its northern dis- 
persion. 

List of spedmena. 



Now 



Locality. 



8549 Mojave Desert 

8630 Virginia City, Nev 
86.>1 Mojave Desert 

9195 do 

I 




Collector. 



1875 I Dr. O. Loew . . . . 
1875 ! William Somers. 
1875 Dr. (). Loew 
1875 ....do 



No. of 
specs. 



2 
3 
1 
1 



Phrynosoma coronatum Blainville. 

Phrynotoma coronatum Blainv. in Nonv. An. Mas. d'Hist. Nat. iv, 1835, 285, pi. 25. flgs. 1 a, b, c— 
Duiii. & Bibron. Herpt G^^n. iv, 1&37. 318.— Molbrook, N. A. Horp. 2, 1842, p. 97, pi. 13.— 
Giranl in Stans. Exp. Grt. Salt Lake, 1852, 360, pi. 8, figs. 7, 12.— Hallow., SItpreaves's Rep. 
Ziifti and Col. Rlv. 1853, p. 122.— Cojie, Check-Lfst N. A. Batraoh. and Rept. 1875. 50, 

PhrtmoMoma blainvUlii Gray in Beechey's Toy. to Pacif., Zoology, 1839, 96, pi. 29, fig. 1 (yoang) ; id., Cat. 
Liz. Brit. Mns. 1845, p. 228. 

Batrachotoma coronatum Fitx., Syst. Rep. i, 1843, p. 79. — Girard, Herp. XT. S. Expl. Exp. 1858, p. 400. 

Phryno9oma tolarit Gray, Brit. Mus. Cat. Lizards, 1845, p. 229. 

Very numerons in many sections throughout Southern California, and one of the 
most beautiful and well marked of the group ; is i-eatlily distinguishable, except from 
hlainvilleif by the four rows of large sub-mental scales. 

List of specimens. 



Na 



8645 
8646 
8647 
8648 



Locality. 



Mojave Desert, Cal 
Santa Barbara, Cal 
Mojave Desert, Cal 
Santa Barbara, Cal 



Date. 



1875 
1875 
1875 
1875 



Collector. 



Dr. O. Loew 

Dr. H. C. Yarrow... 

Dr. O. Loew 

H. W. Henshaw . . . 



No. of 
specs. 

2 
2 

1 
1 
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As of interest in this connection we may mention the P. eamutnm, which has heea 
taken in California. In this species the scales on the inferior surface of head ai« 
slightly keeled ; the spotting on belly is very variable, sometimes present in imiaatun 
specimens and almost wantmg in fully adult ones. Femoral pores rarely well devel 
oped, sometimes very indistinct or wanting. A continuous band of at least thiv 
rows of large carinated scales passes acniss the breast from elbow to elbow. TUJ 
latter is a character which appears to be absolutely constant and quite diagnostic i 
the species. , 

The P. planiceps of Hallowell. from Texas and the "southern Sonoran region," i^ 
pears to present no characters tnat should distinguish it from cornutamy and we hal 
no hesitancy in placing it as a synonym under the latter. Upon communicating 
opiuiou to ProfeHsor Cope, he informs us that he recently has been led to the same c( 
elusion by the examination of specimens of supposed planioep8 from Texas, its 01 ' 
nal locality. Below is appended the synonymy. 

Agama eomuta Harl., Jonm. AcacL Nat Sci. PhilA. voL 4, ii, 1835, pL 20, rt 1, 1829, 14 ; Med. and Phi 
Ke8. 1835, 141, fi^. l-2.-^riff. in Cuv. Animal Kingtl. 0. 1831, 216 (fl)C.). 

Phtyno9<nna eorniUum Gimrd, Stann. R«p. £xp. Great S'llt Lake, 1852, 300, pL viii, Hg^ 1-0. — Halloi 
Sitjrri'avea'ii Rep. Exp. Ziifli and Cul. Riv. 1853, 110.— Bd.. U. 8. and Mex. Bound. Snrv. pi 
EeptiU a, 1M59, 0; uL, P. R. R. Rep. x, 1850, :i8.— Cope, CheckLiat X. A. Batrach. and Rept 
49— Yarrow, voL v, Zool., U. S. Geog. Surv. W. llK)tU Meridian. 1875, 579. ^ 

Phrynotoma eornuta Grav, Svn. R«)pt in Grimth'n Animal KinKd. voL9, 1831, 45; id., Cat. Liz. Britii 
Mu8. 1845, 229.*— riolbr., N. A., Herp. ii, 1842, 87, pL xL 

Taypaya romtUa Cav., R^j^ Animal, 2" M. voL 2, 37. 

Lacerta txtpayaxin lUirton, Mtxi. and Ph. vs. Joum. vol. 3. 

PhrynoMoina harlanii Wles;., Herp. Mexico, nt. i, 54. — Dnm^ril Sc Bibron, Erp6t G6n. vol. 4, 1837, 314. 

PhrynotoiMi bufonxum Wiegmann, in Oken a lais, xxl, 1828, 367. — Gray, Synop. Ri^pt in Griflt AninM 
Kinffd. 0, 1831. 45. 

Phryno9oma orhiculare Ilolbr., X. A. Herp. ii, 1842, 93, pi. 12. 

Tropidogast^ Fitz., Synop. Rept i, 1843, 79. 

Tapayaxin liart., MimI. and Phys. Joum. iiL 

Fhrynodoma planierpt Hallow.*, Proc. Acad. Nat. ScL Phlla. 1852, 178; id. in SiticreaTen's Ri^p. Exp. 



and Col. Riv. 1863. 124.--Cope, Check-Llat N. A. Batrach. and Rept 187.^ 49.— Yarrow, voL 
ZooL, U. S. Gcog. Surv. W. 100th Meridian, 1875, 579, pL xxiv, fig. 1, 1 a, and 1 5.— Cooea, 
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Appendix M. 

notes upon the first discoveries of california and the origin of its nam9 

by prof. jules marcou. 

Office of the Chief of Engineers, 

Wfuhington, D. C.y August 6, 1878. 

Sir: Please find herewith a translation of "Notes upon the first discoveries of Call 
fomia and the origin of its name," by Prof. Jules Maroon, of Salins, Jura, Frano^ 
which has been kindly furnished to the Chief of Engineers by the author, and I ait 
to request that you will incoiporate the same in your report for the last fiscal y<-a|^ 
The map referred to in the "Not(«" has been lithographed in this office, and the nuul| 
ber required for your report will be supplied to you. 1 

By command ,oif the Acting Chief of Engineers. ^ 

Very respectfnBy, your obedient servant, 

George H. Eluot, 

Major of JSngimeeru 

Lieut. Geo. M. Wheeler, 

Corps of EngineerB, 



[Translation.] 

In the collection V of "Leitres idifiantes et curieusei Writes des Missions ^tranghreti _ 
quelqiies miH^ionnaires de la Compagnie de J&ius^ Paris^ 1724/' is found a memoir tonchll 
the condition of mis-sions recently established in California by Father Francois Mi 
Picolo, dated Guadalajara, Mexico, February 10, 1702. The approbation of the 
bonne is datiod February 17, 1705, and the privilege of the King bears the dAti 
October 27, 1705. The memoir was not printed until 1724, and was published in 11 ^ 

A map of the greate.st importance in tiie history of California and of Arizona accoi 
panies this memoir. This map is entitled ^* Passage par terre d la Calif omie dSoom 
par le R^r. P6re Eus^he Francois KinOy J^uite^ depnis 1698 jusqu'd 1701, o& Von voit ei 
lei NourcUes Missions dcs P.P. de la Compagnie de Jesus J*^ 

As the editor stated in the epistle or preface, the map of Father Kino demonstcal 
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that California waA not an island, bat indeed a peninsula, which was contrary to the 
maps published at that period. 

Ir we go back to the earliest geographical documents of the sixteenth century re- 
lating to the New World, it will be seen that Heman Cort^, after his conquest of 
Mexico, or New Spain (as it was then called), fitted out iii the harbor of Tehuantepec 
two vessels, named Conception and San Lazaro, to discover and reconnoiter lands in 
the South Sea, if any existed. 

This voyage, which was made in 1533, had no further results than the reconnaissance 
of the land about the 23d degree of latitude, which forms part of the southeastern ex- 
tremity of Lower California. The expedition was commanded by Capt. Diego Becerra 
(or Bezerra) de Mendoza, with the Biscaien, OrdoAo, or Fortun Ximen^ as pilot. 

In 1535, Cortes, with three brigan tines, set out from Chiametla, or Chametla (Jalisco), 
r(>connoitered the bay of Santa Cruz (which bore later the name of Palmas Bay, and is 
now called Muertos Bay), and the river San Pedro and San Pablo, crossed the Mar 
Rojo (Red Sea), lost his vessel by shipwreck on the coast of Culvacan (Cullacan), in 
the State of Sinaloa; and it was only after much suftering and danger that Cortes 
regained the harbor of Acapulco. 

Cort^ constantly preoccupied with the idea of penetrating the secrets of the South 
S(*a, sent in 1539 Francisco de Uloa, with two vessels, to continue his discovery. 
Uloa followed and coasted all along the eastern shore of California, having reached 
about the SDth degree of latitude. He saw land on the right and left, and those on 
Imard began to agitate the question whether California was an ialandj as Cort^ had 
thought it to be, or was really a peninsula. 

Coutinuing to sail toward the north some 50 leagues farther, Uloa perceive<l that l^e 
wat«r was changing color and becoming as white as lime ; advancing 9 or 10 leaj^ues 
farther on, he ascertained by sounding that the depth constantly diminished until at 
last he found only 5 fathoms^ with a strong current of thick and muddy water ; then 
going to the masthead, Uloa saw the land extended farther on, and on every hand a very 
low shore, which was scarcely perceptible, and, convinced that he could not advance 
farther to the north, he crossed to the other side to coast along the shore opposite to 
the one which he had just reconnoitered. After having doubled the southern point 
of Cape San Lucas, he wont up along the western shore of Lower California as tar as 
the 2dth degree of north latitude. 

There terminated the discoveries of Uloa ; and it remained an open question whether 
this land was an island j as Cort-es had designated it in his letter from the great city 
of Tenuxtitan (Mexico), to the Emperor Charles V, dated October 13, 15^, or whether 
it really belongeil to the continent, as Uloa was inclined to believe. 

In 1540, the vic^^roy, Don Antonio de Mendoza, sent out his celebrated military expe- 
dition, under the command of Francisco Vasquez Coronado, which was intended to 
support the flotilla commanded by Francisco d'Alarcon. The orders were to form a 
junction at the 36th degree of latitude, but the two expeditions did not communicate 
with each other. 

Alarcon reached the head of the Gulf of California, and there he found a large river 
with a very rapid current, which* he tried to ascend both in shallops and in boats. 

After having ascended the river a distance estimated to be 80 leagues, he set up 
wwcral crosses on the banks, and buried at their feet bottles in which were placed 
pa|)ers stating the year, month, and the day of his arrival. Alarcon named this river 
Bcma Guia. After having waited some time he returned to his vessels and thence to 
the harbor of embarkation. 

Thus Alarcon was the first who had the honor of discovering, and of ascending for sev- 
eral days, the Bona Guia, which is no other than the Rio Colorado of California. He 
thouglit he had ascended as far as the 36th degree, but there are evidently errors in his 
positions and distances, for the Rio Gila empties into the Colorado at about the 32d 
dcgret* of latitude, and Alarcon lu^ver saw the mouth of that river, for if he had he 
would very certainly have ma<le the fact known. As to thinking he could have reached 
the 3Hth degree in ascending the Colorado, that is to say, that he could have paired 
not only the mouth of the Rio Gila, but that of Bill Williams Fork, and the Virgin 
River, and that he did not stop until he got to the entrance of the Grand CaAon of the 
('olorn<lo RiveTf which is thirty-six degrees and some minutes of latitude, is altogether 
an im possibility. 

Don .liian Rodriguez Cabrillo, a Portuguese captain in the service of the King of 
Spain, n^connoitt»nMl in ir>42 and 1543 the whole of the western coast of California, 
which he ascended as far as the 44th degn^e of latitude, naming on his way Cape Men- 
do<'iuo ^or Mt^ndoza) in honor of the viceroy of New Spain. 

Notwithstanding the discoveries of Uloa and Alarcon, many geographers m.'iintained 
that California was an island, and the maps of the sixteenth and seventeenth centuries, 
and even of the commencement of the eighteenth, show various opinions upon this 
important geographical question. Upon some, California is indicated as a peninsula, 
npon others as an island, and generally the oldest maps of the sixteenth century are 
the most corre-ct. 

16 WH 
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In like manner the miip of the world, by S^aatian Cabot in 1544, that of Gerard 
Mercator in 1569, and that of Abraham Ortelius in 1570, all indicate that California is 
a peninfiula. Even the maps of Michel Mercator in 1631, and of New France by the 
Jesnit father Louis Hennepin in 1683, make it a peninsula. 

But from the beginning of the middle of the seventeenth century the idea that Cali- 
fornia was an island generally predominated. It is thought that the author who did 
the most to make that opinion prevail was the Dutchman Joannes Janssonius of Am- 
sterdam, who, in his atlas of the maritime world, gave a map borrowed, as he says, 
irom the Spaniards, in which California is represented as an island. All the geogra- 
phers began to copy it. So upon the maps of North America, by Nicolas Sanson, from 
1650 to 1669, we read the isiund of Cal{fomia; in like manner upon the ma])S of J allot, 
1674-1675 ; upon that of Potiu of 1689, and upon that of William Berry (North America) 
published in 1680. 

The geogranher Du Val, in his maps of America in 1655, 1676, and 1679, shows the 
Uland of California, which he prolouKS up to the Straits of Anian or Anien (which has 
later become the Straits of Juan de le uca). Vanden-Aa, about the middle of the seven- 
teenth century, gives also an island. Danckerts, of Amsterdam, in his America Nora 
DeaeriptiOj 1661, represents, in like manner, California as an island, and so does the geog- 
rapher Allard in the middle of the seventeenth century. The Dutch geographer Blaer, 
who represented California as a peninsula in 1662, made it an island in 1659 and in 1670. 

New Mexico, by Coroneili in 1680, represents California as an island. The larg^ and 
magnificent ^lobe of the same geographer dedicated to Louis XIV in 16(^, and which 
is preservecl in the National Librar>' at Paris, also shows California as an island. The 
same author writes upon a map published at Venice at the close of the seventeenth 
centurj', ^^Isola di California," 

Nicolas de Fer, who had made this error in a map in 1698, perpetuated it even up to 
1717, when in his map entitled ^^Am^^rique divisSe selon Vitendue de sea principaJes parHe/t,^ 
he still gives the island of California limited on the north by the North Strait and 
terminated at the south by Cape SL Luc (Cape Saint Lucas). 

Of all the geographers at the close of the seventeenth and commencement of the 
eighteenth century, Guillaunie Delisle, first geographer of the King of France, Louis 
XfV, is the one who has shown himself the most sagac'ious. In a letter to M. Ca^aaiui, 
without date, but which must have ]>een written about the year 1698, and which wa^ 
published at Amsterdam by Jean Fr<kleric Bernard in the **'Jie(Meil de voyage au ttord,'' 
Delisle shows a mind filled with soimd criticism and a clear knowledge of facts touch- 
ing California. Delisle, after having well considered the matter, stated that he thought 
it prudent to leave blank, as unknown, that part of the globe, and to make California 
** neither an island nor a part of the continent^^ and to await something more |M>sitive 
before arriving at a decision. He did not have to wait a long time, for in his map of 
North America dat<Hl 1700, Delisle joined California to the continent, and he main- 
tained that California was a peninsula in his map of 1702. It is evident that after the 
commencement of the year 1700 Guillaume Delisle must have received information of 
the discovery, by the Jesuit father Kino, of the passage by land from New Mexico t<» 
California which this missionary had made during the year 1698. 

Beginning with the maps of Guillaume Delisle, the truth triumphed. Soon all iuax>- 
makers adopted his opinion and made use of the famous discovery of Father Kino, 
joining California as a peninsula to the American continent. 

The map of Father Kino is not onlv very important on account of its giving with 
considerable accuracy the head of the Mer Vermeille, or Gulf of California, but a.s 
locating and showing a great number of the villages, missions, pueblos, riven, and 
mountains ot Sonora and of New Mexico (the part known now as Arizona), and. of 
Lower California, or, properly, Old California. 

Having taken part in an expedition to California, in 1683, under the command of 
Admiral Don Fridoro d'Atondo, Father Kino explored a part of California, crossing it 
from the east to the west on the 26th degree of latitude, from Loreto to New Year's Har- 
bor, followini^ the Rio San Toma«, now the Rio de la Purissima, and the Boca de la 
Purissima. (See account of the landing of Spaniards in California in 1683, trans- 
lated from the Castilian, in Vol. Ill of Collection of Voyages to the North, by J. F. 
Bernard, Amsterdam.) 

I have already j^iven the true origin of the name of California in a report on the 
geology of a portion of Southern CaGfomia. (See Annual Report upon Geographical 
Survey We«t of the Cne h'ludredth Meridian, 1876, by Lieut. George M. Wheeler, in 
the Re]>ort of the Chief of Engineers, Washington, 1876, page 386. ) 

Cort^vs and his ccmpanions, struck with the difference between the dry and burning 
heat they experienced, compared with the moist and much lea^ oppressive heat of the 
Mexican tierra calienlej first gave to a bay, and afterward extended to the entire coun- 
try, the name of tierra Calif omia, derived from oalida fornaXf which signifies fiery fur- 
nace, or hot as an oven. Hcman Cori^s, who was moreover a man of learning (aince 
he was a bachelor of law of the University of Salamanca), was at once strongly im- 
pressed with the singular and striking climatical differences presented by various parts 
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of the empire of Monteznma^ and it is to the ffreat conqueror, Hernando Cort^, Mar- 
qn^ del Yalle, to whom is due that remarkable and so very appropriate classification 
of the Mexican regions into iierrafriaj Herra templada, Herra ealtente, and Uerra Califor- 
nia, 

The word California alone has passed into use to designate a purely political and geo- 
graphical division, probably on account of the isolation and remoteness of this part 
of rfew Spain. 

The excessive heat of the California peninsula is now well known, since thermometrio 
observations have been made at Fort Yuma and at La Paz. These two localities, from 
one of which the name of California originally sprang, are the hottest parts of the two 
Americas. 

The author who first employed the name of California was Bernardo Diaz del Castillo, 
an officer who had served under the orders of Cort^. He applied it only to a bay be- 
lieved to be Bahia de La Paz, where Heman Cort^ repaired on leaving the bay. of 
Santa Cruz. Thence the name was extended to the whole country nearly to the mouth 
of the Columbia River in Oregon. 

The bay of Santa Cruz bears now the name of Bdkia del Muertos on account of the 
massacre of the pilot Ordoflo Ximen^s, together with Captain Becerra de Mendoza and 
some twenty Spaniards, who were all kiUed by the Indians. 

Upon the maps of the eighteenth century this bay is designated under the name of 
the Bahia de loa Palmas, 

Abraham.Ort^lius, on his map of 1570, entitled "America rive noviorlfis nova deaoriptiOy** 
wrote at the point indicating Cape Lucas the name C. Cali, formia, with an m instead 
of an n, which was evidently an error of the engraver addea to an error in position, 
since Cort^ gave the name to a bay and not to a cape. 

The s4me geographer, in the first edition of his atlas, Theatrum Orhis Terrarumy gives, 
in a map dated 1570, and entitled *^Tartario sive Magni ChanU Begni," California as a pe- 
ninsula with the name G. Califormio, which is a new variation of the word California, 
with an m and an o. Moreover, Ort^lius wrote upon the coast at nearly its correct place 
the name of Sierra Xevada. 

May 10, 1878. 
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